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IMPORTANT NOTICES 


Texas Instruments reserves the right to make changes 
at any time in order to improve design and to supply 
the best product possible. 

Tl cannot assume any responsibility for any circuits 
shown or represent that they are free from patent 
infringement. 



THE POWER SEMICONDUCTOR DATA BOOK 


From the earliest days of transistors, semiconductor circuit designers have needed devices capable of handling the 
power functions of their equipment. 

The past twenty years in the semiconductor industry have brought extensive development of power products— 
germanium power transistors, silicon power transistors, thyristors, and more recently, power function modules. The 
future will certainly bring even further developments in power devices and functions. 

Along with advancements in integrated circuit technology, improvements in power devices will aid equipment design 
engineers in their efforts toward continual enhancement of functional utility, cost effectiveness, and reliability of 
designs. 

In this 800-page data book, Texas Instruments is pleased to catalog important power semiconductor products available 
in the industry, and to present technical information on Tl's broad line of power transistors, thyristors, and power 
function products. 

You will find essential design information on Germanium and Silicon Power Transistors, SCR's, Triacs, and Power 
Function modules. In Silicon Power, Tl's extensive product line encompasses high-voltage as well as low-voltage, high- 
safe-operating-area (SOA) designs, power Darlingtons, fast switching types, radiation-tolerant designs, JAN and JANTX 
types, and both metal can and plastic package types. 

Most of the silicon power devices, as well as a broad range of SCR's and Triacs, are offered in Tl's specially designed 
plastic packages. These designs incorporate glass-passivated junctions with thermally-matched epoxy and piece-parts, for 
high reliability— plus the adaptability for high-volume, cost-effective production. 

Section 8 features the Technical Response Lab (TRL). The TRL facility provides a broad capability for custom designs 
to meet special needs. This capability includes custom silicon chip design for specific electrical performance, together 
with custom packaging techniques for reliable performance of devices under unique environmental conditions. These 
high-volume, low-cost, highly-reliable devices, on one hand, and high-performance, custom designs for special 
applications, on the other, represent Tl's two-fold approach to the power market. Thus product coverage is broad, with 
the capability of serving a very wide range of customer needs. 

The data book indices are designed with margin tabs for ease in location of data sheets for specific products, as well as 
general information categories. Included are an alpha-numeric index to product data sheets and product cross-reference 
and selection guides. 

We sincerely hope you will find this Power Semiconductor Data Book for Design Engineers a valuable addition to your 
technical library. It represents Tl experience since the early 1950's in the design and manufacture of power 
semiconductor products. 
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TERMS AND DEFINITIONS 
POWER TRANSISTORS 


POWER TRANSISTORS 

POWER TRANSISTOR SAFETY CONSIDERATIONS 

The designer, maker, and user of electrical equipment containing power transistors should give attention to the 
following points relative to the safety of personnel that may operate the equipment. 

The electrical potentials of the collector, emitter, and base terminals on the transistor present an electrical shock hazard 
when the equipment is energized. 

The normal operating case temperature of energized transistors is often high enough to present burn hazards to both 
operating personnel and flammable material touching the transistor. 

If the transistor is falsely turned "on" or fails, power will be applied to the equipment load. Operator safety may be 
affected by an unexpected energizing of the load. 

In the event that an equipment output short or internal fault condition develops, very high surge current can be passed 
through the transistor. If this condition exceeds transistor ratings for magnitude and duration, the transistor may be 
damaged; and if the surge is severe enough, internal heating can cause the transistor to rupture and perhaps sustain an 
arc. 

POWER TRANSISTOR STANDARDS 

Following are sources of standard material relating to Power Transistors: 

EIA and JEDEC Standards: 

Electronic Industries Association 

2001 Eye St. N.W., Washington, D.C. 20006 

Telephone: 202-659-2200 

JC-25 Power Transistor Registration Formats RDF-1 to RDF-6 

Test Procedures for Verification of Maximum Ratings of Power Transistors— JEDEC Publication No.65 

Thermal Resistance Measurements of Conduction Cooled Power Transistors— EIA Standard RS-313-A 

JEDEC Recommendations for Letter Symbols, Abbreviations, Terms, and Definitions for Semiconductor Device 
Data Sheets and Specifications— JEDEC Publication No. 77 

Standard List of Values to be used in Power Transistor Device Registration and Minimum Differences for 
Discretness of Registration— JEDEC Publication NO. 74 

I EC Standards 

American National Standards Institute, Inc. 

1 430 Broadway 

New York, N. Y. 10018 

Telephone: 212-868-1220 

I EC Publication 147: Essential Ratings and Characteristics of Semiconductor Devices and General Principles of 
Measuring Methods. 

IEC Publication 148: Letter Symbols for Semiconductor Devices and Integrated Microcircuits 
I EC Publication 191 : Mechanical Standardization of Semiconductor Devices. 


Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 




TERMS AND DEFINITIONS 
POWER TRANSISTORS 



Military Standards 

Commanding Officer, U.S. Naval Publications and Forms Center, 

5801 Tabor Avenue, Philadelphia, Pa., 19120. 

Ml L-S- 19500: Semiconductor Devices, General Specification for 
MIL-STD-105: Sampling Procedures and Tables for Inspection by Attributes 
MIL-STD-202: Test Methods for Electronic and Electrical Component Parts 
MIL-STD-750: Test Methods for Semiconductor Devices 
Ml L-STD-883: Test Methods and Procedures for Microelectronics 
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POWER TRANSISTOR TERMS, DEFINITIONS, AND LETTER SYMBOLS 


Introduction 

This part contains letter symbols, abbreviations, terms, and definitions commonly used with Power Transistors. Most of 
the information was obtained from JEDEC Publication No. 77. This document and the JC-25 JEDEC registration 
formats have over-riding authority where any conflict may occur. 


l 


Power Transistor Terms and Definitions 


Term Definition 

base (B, b)* A region which lies between an emitter and collector of a transistor 

and into which minority carriers are injected. (Ref. 60 IRE 28.S1) 

breakdown A phenomenon occurring in a reverse-biased semiconductor junc- 


tion, the initiation of which is observed as a transition from a region 
of high small-signal resistance to a region of substantially lower 
small-signal resistance for an increasing magnitude of reverse current. 
(Ref RS-282 par. 1.38) 


breakdown region A region of the volt-ampere characteristic beyond the initiation of 

breakdown for an increasing magnitude of reverse current. (Ref 
RS-282 par. 1.37) 

breakdown voltage The voltage measured at a specified current in a breakdown region. 

(Ref MIL-S-19500D par. 20.3) 

collector (C, c)* A region through which a primary flow of charge carriers leaves the 

base. (Ref. 60IRE28.S1) 

emitter (E, e)* A region from which charge carriers that are minority carriers in the 

base are injected into the base. (Ref. 60 IRE 28.S1 ) 

junction, collector A semiconductor junction normally biased in the high-resistance 

direction, the current through which can be controlled by the 
introduction of minority carriers into the base. (Ref. 60 IRE 28.S1) 

junction, emitter A semiconductor junction normally biased in the low-resistance 

direction to inject minority carriers into the base. (Ref. 60 
IRE 28.S1) 

open-circuit A circuit shall be considered as open-circuited if halving the 

magnitude of the terminating impedance does not produce a change 
in the parameter being measured greater than the required accuracy 
of the measurement. (Ref MIL-S-19500D par. 20.8) 

reverse current The current that flows through a semiconductor junction in the 

reverse direction. 


*NOTE: References to base, collector, and emitter symbolism 
(B, b, C, c, E, and e) refer to the device terminals connected to those 
regions. 
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Term Definition 

reverse direction The direction of current flow which results when the n-type semi- 

conductor region is at a positive potential relative to the p-type region. 

saturation A base-current and a collector-current condition resulting in a 

forward -biased collector junction. 

second breakdown A condition of the transistor, resulting from a lateral current 


instability, in which the electrical characteristics are determined 
principally by the spreading resistance of a thermally maintained 
current constriction. The initiation of second breakdown is observed 
as a decrease in the voltage sustained by the collector. 

NOTE: Second breakdown differs from thermal failure in that its 
initiation can not be predicted from low-voltage thermal resistance 
measurements. 

Unless the current and duration in second breakdown are limited, the 
high junction temperature at the current constriction will result in 
failure, usually as a collector-to-emitter short-circuit. 

Second breakdown can occur at postitive, negative, or zero base 
current. 


(To protect a transistor against second breakdown, see section: 
"Safe Operating Areas for Power Transistors.") 

semiconductor device A device whose essential characteristics are due to the flow of charge 

carriers within a semiconductor. (Ref. RS-282 par. 1.09) 

semiconductor junction A region of transition between semiconductor regions of different 

electrical properties (e.g., n-n+, p-n, p-p+ semiconductors), or 
between a metal and a semiconductor. (Ref. RS-282 par. 1.0) 

short-circuit A circuit in which doubling the magnitude of the terminating 


impedance does not produce a change in the parameter being 
measured that is greater than the required accuracy of the 
measurement. (Ref. MIL-S-19500D par. 20.16) 

small-signal A signal which when doubled in magnitude does not produce a 

change in the parameter being measured that is greater than the 
required accuracy of the measurement. (Ref. MIL-S-19500D 
par. 20.17) 

static value A non-varying value or quantity of measurement at a specified fixed 

point, or the slope of the line from the origin to the operating point 
on the appropriate characteristic curve. (Ref. IEEE #255 par. 2.2.1) 

terminal An externally available point of connection to one or more 

electrodes. (Ref. RS-282 par. 1.14) 

thermal resistance (steady-state) The temperature difference between two specified points or regions 

divided by the power dissipation under conditions of thermal 
equilibrium. (Ref. IEEE #223) 
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Term 

transient thermal impedance 


transistor 


transistor, junction, multi junction type 


Definition 


The change of temperature difference between two specified points 
or regions at the end of a time interval divided by the step function 
change in power dissipation at the beginning of the same time 
interval causing the change of temperature difference. 
(Ref. IEEE #223) 


1 


An active semiconductor device capable of providing power amplifi- 
cation and having three or more terminals. (Ref. I EC #147-0 
par. 0-2.8) 

A transistor having a base and two or more junctions. 

Graphic symbols for emitter, base, collector transistors: 
(Ref. ANS Y32.2) 


NOTE: In the graphic symbols, the envelope is optional if no 
element is connected to the envelope. 

N-P-N P-N-P 
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Power Transistor Letter Symbols, Terms, and Definitions 


Symbol 

Term 

Definition 

o 

cr 

o 

open-circuit input capacitance 

The capacitance measured across the input terminals 
(emitter and base) with the collector open-circuited 
for ac. (Ref. IEEE #255) 

Co bo 

open-circuit output capacitance 

The capacitance measured across the output terminals 
(collector and base) with the input open-circuited to 
ac. (Ref. IEEE #255) 

fhfe 

small-signal short-circuit forward 
current transfer ratio cutoff fre- 
quency (common-emitter) 

The lowest frequency at which the magnitude of the 
small-signal short-circuit forward current transfer 
ratio is 0.707 of its value at a specified low frequency 
(usually 1 kHz or less). (Ref. IEEE #255) 

fT 

transition frequency 

or 

frequency at which small-signal for- 
ward current transfer ratio 
(common-emitter) extrapolates to 
unity 

The product of the modulus (magnitude) of the 
common-emitter small-signal short-circuit forward 
current transfer ratio, hf e , and the frequency of 
measurement when this frequency is sufficiently high 
so that the modulus (magnitude) of hf e is decreasing 
with a slope of approximately 6 dB per octave. 
(Ref. IEEE #255) 

GPE 

large-signal insertion power gain 
(common-emitter) 

The ratio, usually expressed in dB, of the signal 
power delivered to the load to the large-signal power 
delivered to the input. 

hFE 

static forward current transfer ratio 
(common-emitter) 

The ratio of the dc collector current to the dc base 
current. (Ref. MIL-S-19500D par. 30.28) 

hfe 

small-signal short-circuit forward 
current transfer ratio (common- 
emitter) 

The ratio of the ac collector current to the 
small-signal ac base current with the collector 
short-circuited to the emitter for ac. (Ref. 
MIL-S-19500D par. 30.20) 

hlE 

static input resistance (common- 
emitter) 

The ratio of the dc base-emitter voltage to the dc base 
current. (Ref. MIL-S-19500D par. 30.29) 

hj e 

small-signal short-circuit input im- 
pedance (common-emitter) 

The ratio of the small-signal ac base-emitter voltage to 
the ac base current with the collector short-circuited 
to the emitter for ac. (Ref. MIL-S-19500D 
par. 30.24) 

hie(imag) 

imaginary part of the small-signal 
short-circuit input impedance, 
(common-emitter) 

The ratio of the out-of -phase (imaginary) component 
of the small-signal ac base-emitter voltage to the ac 
base current with the collector terminal 
short-circuited to the emitter terminal for ac. 

hje(real) 

real part of the small-signal 
short-circuit input impedance, 
(common-emitter) 

The ratio of the in-phase (real) component of the 
small-signal ac base-emitter voltage to the ac base 
current with the collector terminal short-circuited to 
the emitter terminal for ac. 

^oe 

small-signal open-circuit output ad- 
mittance, (common-emitter) 

The ratio of the ac collector current to the 
small-signal ac collector-emitter voltage with the base 


terminal open-circuited to ac. (Ref. MIL-S-19500D 
par. 30.15) 
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Symbol 

hoe(imag) 


hoe(real) 


•a 

IE 


lb. 

*c» 

•e 

*B» 

■c. 

*E 


Term 


Definition 


imaginary part of the small-signal 
open-circuit output admittance, 
(common-emitter) 


The ratio of the ac collector current to the 
out-of -phase (imaginary) component of the 
small-signal collector-emitter voltage with the base 
terminal open-circuited to ac. 



real part of the small-signal 
open-circuit output admittance, 
(common-emitter) 


The ratio of the ac collector current to the in-phase 
(real) component of the small-signal collector-emitter 
voltage with the base terminal open-circuited to 


current, dc (base-terminal, collector- The value of the dc current into the terminal 
terminal, emitter-terminal) indicated by the subscript. 


current, rms value of alternating The root-mean-square value of alternating current 
component (base-terminal, collector- into the terminal indicated by the subscript, 
terminal, emitter-terminal) 

current, instantaneous total value The instantaneous total value of alternating current 
(base-terminal, collector-terminal, into the terminal indicated by the subscript, 
emitter-terminal) 


DIAGRAM ILLUSTRATING FOREGOING CURRENTS (Ref IEEE # 255) 


IMO ALTERNATING 
COMPONENT 



ICBO collector cutoff current, dc, emitter The dc current into the collector terminal when it is 

open biased in the reverse direction with respect to the 

base terminal and the emitter terminal is 
open-circuited. (Ref. IEEE #255) 
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Symbol 

'CEO 

•CER 

•ces 

'CEV 

'CEX 


•ebo 

pbe 

p be 

Poe 

pt 

p T 

•"b'Cc 


Term 

collector cutoff current, dc (base' 
open 

resistance between base and 
emitter, 

base short-circuited to emitter. 


% 


voltage between base and emitter, 
circuit between base and emitter)^ 


emitter cutoff current, dc, collector 
open 


power input, dc (to the base, 
common-emitter) 

power input; instantaneous total 
(to the base, common-emitter) 


large-signal output power (common- 
emitter) 

total nonreactive power input to all 
terminals 


nonreactive power input, instanta- 
neous total, to all terminals 

collector-base time constant 


Definition 

The dc current into the collector terminal when it is 
biased in the reverse direction* with respect to the 
emitter terminal and the base terminal is (as indicated 
by the first subscript letter as follows): 

O = open-circuited 

R = returned to the emitter terminal through a 
specified resistance. 

S = short-circuited to the emitter terminal. 

V= returned to the emitter terminal through a spe- 
ified voltage. 

X = returned to the emitter terminal through a spe- 
ified circuit. 

(Ref. IEEE #255) 

The dc current into the emitter terminal when it is 
baised in the reverse direction with respect to the 
base terminal and the collector terminal is 
open-circuited. (Ref. IEEE #255) 

The product of the dc input current and voltage with 
the common-emitter circuit configuration. 

The product of the instantaneous input current and 
voltage with the common-emitter circuit configu- 
ration. 

The product of the large-signal ac output current and 
voltage with the common-emitter circuit configu- 
ration. 

The sum of the products of the dc input currents and 
voltages, i.e.. 

Vre * IB + V CE # ! C or 

Vbe • lE + Vcb • 'C 

The sum of the products of the instantaneous input 
currents and voltages. 

The product of the intrinsic base resistance and 
collector capacitance under specified small-signal con- 
ditions. 


*For these parameters, the collector terminal is con- 
sidered to be biased in the reverse direction when it 
is made positive for N-P-N transistors or negative for 
P-N-P transistors with respect to the emitter terminal. 
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Symbol 

R0 

(formerly 0) 

R0CA 

R0JA 

(formerly 0j_/\) 

R0JC 

(formerly 0j_c) 
R0JM 

T A 


TC 

Tj 


T stg 

td 


tf 


Term 


Definition 


thermal resistance 


Refer to thermal resistance (steady state), page 1-4. 


thermal resistance case-to-ambient The thermal resistance (steady -state) from the device 

case to the ambient. 

thermal resistance junction-to- The thermal resistance (steady-state) from the semi- 
ambient conductor junction (s) to the ambient. 


thermal resistance junction-to-case 


thermal resistance 
mounting surface 


j unction- to- 


ambient temperature or free-air 
temperature 


case temperature 


The thermal resistance (steady -state) from the semi- 
conductor junction (s) to a stated location on the 
case. 

The thermal resistance (steady-state) from the semi- 
conductor junction (s) to a stated location on the 
mounting surface. 

The air temperature measured below a device, in an 
environment of substantially uniform temperature, 
cooled only by natural air convection and not 
materially affected by reflective and radiant surfaces. 
(Ref. MIL-S-19500D par. 20.20.1) 

The temperature measured at a specified location on 
the case of a device. (Ref. MIL-S-19500D 
par. 20.20.2) 


virtual junction temperature A theoretical temperature based on a simplified 

representation of the thermal and electrical behavior 
of the semiconductor device. 

NOTE: This term (and its definition) is taken from 
I EC standards. It is particularly applicable to 
multi-junction semiconductors and is used in 
this publication to denote the temperature of 
the active semiconductor element when 
required in specifications and test methods. 
The term ''junction temperature" is used 
interchangeably with the term "virtual 
junction temperature" in this publication. 


storage temperature The temperature at which the device, without any 

power applied, is stored. (Ref. MIL-S-19500D 
par. 20.20.3) 

delay time The time interval from the point at which the leading 

edge of the input pulse has reached 10 percent of its 
maximum amplitude to the point at which the 
leading edge of the output pulse has reached 10 
percent of its maximum amplitude. (Ref. MIL-S- 
19500D par. 20.13) 

fall time The time duration during which the trailing edge of a 

pulse is decreasing from 90 to 10 percent of its 
maximum amplitude. (Ref. MIL-S-19500D 
par. 20.12) 
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Symbol 

toff 

ton 

V 


tr 


ts 


t w 


Term 


Definition 


turn-off time 
turn-on time 
pulse time 


rise time 


storage time 


pulse average time 


The sum of t s + tf. 

The sum of t^ + t r . 

The time duration from the point on the leading edge 
which is 90 percent of the maximum amplitude to 
the point on the trailing edge which is 90 percent of 
the maximum amplitude. (Ref. MIL-S-19500D 
par. 20.15) 

The time duration during which the amplitude of the 
leading edge of a pulse is increasing from 10 to 90 
percent of its maximum amplitude. 
(Ref. MIL-S-19500D par. 20.13) 

The time interval from a point 90 percent of the max- 
imum amplitude on the trailing edge of the input 
pulse to a point 90 percent of the maximum amplitude 
on the trailing edge of the output pulse. (Ref. MIL-S- 
19500D par. 20.14) 

The time duration from the point on the leading edge 
which is 50 percent of the maximum amplitude to a 
point on the trailing edge which is 50 percent of the 
maximum amplitude. (Ref. MIL-S-19500D 
par. 20.10) 


DIAGRAM ILLUSTRATING PULSE TIME SYMBOLOGY 
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Symbol 

V(BR)CBO 
(formerly BVcbO> 


V(BR)CEO. 

(formerly BVceo) 

V(BR)CER. 
(formerly BVcer) 

V(BR)CES. 
(formerly BVces) 

V(BR)CEV. 
(formerly BVcev) 

V(BR)CEX 
(formerly BVcex) 


v (BR)EBO. 
(formerly BVebq) 


Vbb. 

VCC. 

VEE 

VbC. 

V BE. 

VCB- 

VCE 

VEB. 

VEC 

VBE(sat) 


Term 


Definition 


breakdown voltage collector-to- The breakdown voltage between the collector termi- 
base, emitter open nal and the base terminal when the collector terminal 

is biased in the reverse direction with respect to the 
base terminal and the emitter terminal is 
open-circuited. (Ref. IEEE #255) 


breakdown voltage, col lector- to- 
emitter with (base open, 




resistance between base and emitter. 


The breakdown voltage between the collector termi- 
nal and the emitter terminal when the collector 
terminal is biased in the reverse direction* with 
respect to the emitter terminal and the base terminal 
is (as indicated by the last subscript letter as follows): 


base short-circuited to emitter. 


0 = open-circuited. 


1 


voltage between base and emitter, 


R = returned to the emitter terminal through a 
specif ied resistance. 


circuit between base and emitter) 


y 


S = short-circuited to the emitter terminal. 

V = returned to the emitter terminal through a 
specified voltage. 


X = returned to the emitter terminal through a 
specified circuit. 

(Ref. IEEE #255) 


breakdown voltage, emitter-to-base. The breakdown voltage between the emitter and base 
collector open terminals when the emitter terminal is biased in the 

reverse direction with respect to the base terminal 
and the collector terminal is open-circuited. 
(Ref. IEEE #255) 


supply voltage, dc (base, collector, The dc supply voltage applied to a circuit connected 
emitter) to the reference terminal. 


voltage, dc or average 
collector, 
base-to-emitter, 

collector-to-base, 
col I ector- to-e m i tte r , 
emitter-to-base, 
em itter-to-co I lector) 

saturation voltage, dc, base-to-emitter The dc voltage between the base and emitter termi- 
nals for specified base-current and collector-current 
conditions which are intended to ensure that the 
collector junction is forward-biased. 


(base-to- 




The dc voltage between the terminal indicated by the 
first subscript and the reference terminal (stated in 
terms of the polarity at the terminal indicated by the 
first subscript). 


*For these parameters, the collector terminal is con- 
sidered to be biased in the reverse direction when it 
is made positive for N-P-N transistors or negative for 
P-N-P transistors with respect to the emitter terminal. 
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Symbol 

Term 

VCBO 

collector-to-base voltage, dc, emit- 
ter open 

VcE(sat) 

saturation voltage, dc, collector-to- 
emitter 

VCEO 

collector- to-emitter voltage, dc, with) 
(base open, ^ 

V CER 

resistance between base and emit- 
ter. 

VcES 

base short-circuited to emitter. 

VcEV 

voltage between base and emitter, 

VCEX 

circuit between base and emitter) 

/ 

VCEO(sus) 

sustaining voltage, collector-to-^ 
emitter with (base open. 

VcER(sus) 

resistance between base and emit- 
ter. 

VCES(sus) 

base short-circuited to emitter. 

VCEV(sus) 

voltage between base and emitter. 

VCEX(sus) 

circuit between base and emitter) 

/ 


VEB(fl) 


dc open-circuit voltage (floating po- 
tential) (emitter-to-base) 


Definition 

The dc voltage between the collector terminal and the 
base terminal when the emitter terminal is 
open-circuited. 

The dc voltage between the collector and the emitter 
terminals for specified saturation conditions. 
(Ref. IEEE #255) 


> emitter terminal when the base terminal is (as 

indicated by the last subscript letter): 

O = open-circuited. 

R = returned to the emitter terminal through a 

specified resistance. 

S = short-circuited to the emitter terminal. 

V = returned to the emitter terminal through a 

specified voltage. 

X = returned to the emitter terminal through a 

specified circuit. 

The collector-to-emitter breakdown voltage at rela- 
tively high values of collector current where the 
breakdown voltage is relatively insensitive to changes 
in collector current. The base terminal is (as indicated 
by the third subscript letter as follows): 

O = open-circuited 

R = returned to the emitter terminal through a 
specif ied resistance 

S = short-circuited to the emitter terminal 

V = returned to the emitter terminal through a 

specified voltage 

X= returned to the emitter terminal through a 
specified circuit. 

NOTE: This would be the transient voltage between 
the collector and emitter terminals during switching 
with an inductive load from a forward -biased base- 
emitter to an external condition described by the 
third subscript letter. 

The dc open-circuit voltage (floating potential) be- 
tween the emitter terminal and the base terminal 
when the collector terminal is biased in the reverse 
direction with respect to the base terminal. 
(Ref. IEEE #255) 
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Symbol 

Term 


Definition 

VeBO 

emitter-to-base voltage, dc, 
lector open 

col- 

The dc voltage between the emitter terminal and the 
base terminal with the collector terminal 
open-circuited. 

Z0(t) 

(formerly 0(t)) 

transient thermal impedance 


Refer to transient thermal impedance, page 1-5. 

Z0JA(t) 

(formerly 0 J-A(t)) 

transient thermal impedance, 
tion-to-ambient 

junc- 

The transient thermal impedance from the semi- 
conductor junction (s) to the ambient. 

Z0JC(t) 

(formerly 0JC(t)) 

transient thermal impedance, junc- 
tion-to-case 

The transient thermal impedance from the semi- 
conductor junction (s) to a stated location on the 


case. 


Texas Instruments 

INCORPORATED 


M3 


POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 



TERMS AND DEFINITIONS 
THYRISTORS 


THYRISTORS 



Thyristor Standards 

The documents listed below have overriding authority where any conflict may occur with this dat? book. 


EIA and JEDEC Standards 


The thyristor terms and definitions presented in this data book were obtained from EIA Standards Proposal 
No. 1101. This standard is in the process of publication and will be available from: 

Electronic Industries Association 
2001 Eye St. N.W., 

Washington, D.C. 20006 
Telephone: 202-659-2200 


IEEE Standards 


Institute of Electrical and Electronic Engineers, Inc. 

345 East 47th. Street 
New York, N.Y. 10017 

IEEE No. 233: Standard Definitions of Terms for Thyristors 

International Electrotechnical Commission Standards 

American National Standards Institute, Inc. 

1430 Broadway 
New York, N.Y. 10018 

I EC Publication 147-IC: Essential Ratings and Characteristics of Semiconductor Devices and General 
Principles of Measuring Methods 

I EC Publication 148: Letter Symbols for Semiconductor Devices and Integrated Circuits 
I EC Publication 191: Mechanical Standardization of Semiconductor Devices. 


Military Standards 

Commanding Officer, U.S. Naval Publications and Forms Center 
5801 Tabor Avenue 
Philadelphia, Pa., 19120 

MIL-S-195Q0: Semiconductor Devices, General Specification for 
MIL-STD-105: Sampling Procedures and Tables for Inspection by Attributes 
MIL-STD-202: Test Methods for Electronic and Electrical Component Parts 
MIL-STD-750: Test Methods for Semiconductor Devices 
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Classes of Thyristors 

Bidirectional Diode Thyristor 

A two-terminal thyristor having substantially the same switching behavior in the first and third quadrants of the 
principal voltage-current characteristic. (See Figure 4). 

Bidirectional Triode Thyristor 

A three-terminal thyristor having substantially the same switching behavior in the first and third quadrants of the 
principal voltage-current characteristic. (See Figure 4). 

N-Gate Thyristor 

A thyristor in which the gate terminal is connected to the N-region adjacent to the region to which the anode 
terminal is connected and which is normally switched to the on-state by applying a negative signal between gate 
and anode terminals. 

P-Gate Thyristor 

A thyristor in which the gate terminal is connected to the P-region adjacent to the region to which the cathode 
terminal is connected and which is normally switched to the on-state by applying a positive signal between gate 
and cathode terminals. 

Reverse-Blocking Diode Thyristor 

A two-terminal thyristor which switches only for positive anode-to-cathode voltages and exhibits a reverse- 
blocking state for negative anode-to-cathode voltages. 

Reverse-Blocking Triode Thyristor 

A three-terminal thyristor which switches only for positive anode-to-cathode voltages and exhibits a 
reverse-blocking state for negative anode-to-cathode voltages. 

Reverse-Conducting Diode Thyristor 

A two-terminal thyristor which switches only for positive anode-to-cathode voltages and conducts large currents 
at negative anode-to-cathode voltages comparable in magnitude to the on-state voltage. 

Reverse-Conducting Triode Thyristor 

A three-terminal thyristor which switches only for positive anode-to-cathode voltages and conducts large currents 
at negative anode-to-cathode voltages comparable in magnitude to the on-state voltage. 

Semiconductor Controlled Rectifier (SCR) 

An alternative name used for the reverse-blocking triode thyristor. 

NOTE: Although not an official definition, the term unidirectional is sometimes used to describe the single 
switching class of thyristors consisting of reverse-blocking and reverse-conducting thyristors. This term is 
useful for comparing or contrasting this class of thyristor with bidirectional thyristors. 

Thyristor 

A bistable semiconductor device comprising three or more junctions, which can be switched from the off-state to 
the on-state or vice versa, such switching occuring within at least one quadrant of the principle voltage-current 
characteristic. (See Figures 1 through 5). 

Turn-Off Thyristor 

A thyristor which can be switched from the on-state to the off-state and vice versa by applying control signals of 
appropriate polarities to the gate terminal, with the ratio of triggering power to triggered power appreciably less 
than one. 
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SEMICONDUCTOR REGIONS 



Schematic representation of a reverse-blocking triode 
thyristor. 

Note: The gate electrode is connected to the N-type base 
region in some structures or omitted in the case of a 
diode thyristor. 


I FIRST QUADRANT 


ON STATE . 

ANODE + 

MINIMUM ON-STATE VOLTAGE 
HOLDING CURRENT 

RESISTANCE 

REGION BREAKOVER 

J VOLTAGE, CURRENT 

REVERSE BLOCKING STATE^""— ^ 

--a---/ 

IV 

REVERSE 

BREAKDOWN 

VOLTAGE, 

CURRENT 

[V, 

OFF-STATE 

THIRD QUADRANT 



ANODE- 

Principal voltage-current characteristics (anode-to-cathode 
voltage-current characteristic) of a typical reverse-blocking 
thyristor. 

Note: Curve "a" applies for zero gate current or a diode 
thyristor. Curve "b" is with gate trigger current 
present when off -state voltage is V-|. 


FIGURE 1 


FIGURE 2 


MAIN MAIN 



GATE TERMINAL 


FIRST QUADRANT 
MAIN TERMINAL 2 + 



Schematic representation of typical bidirectional triode 
thyristor. 

Note: Gate is omitted in a diode bidirectional thyristor. 


Principal voltage-current characteristic of a typical bidirec- 
tional thyristor. 

Note: Curve "a" applies for zero gate current or a diode 
bidirectional thyristor. Curve "b" applies for the case 
of gate trigger current applied when the off-state 
voltage is ± V^. 


FIGURE 3 


FIGURE 4 
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Physical Structure Nomenclature 


Anode 

The electrode by which current enters the thyristor when the thyristor is in the on-state with the gate 
open-circuited. 

NOTE: This term does not apply to bidirectional thyristors. 



Anode Terminal 


The terminal which is connected to the anode. 

NOTE: This term does not apply to bidirectional thyristors. 

Cathode 


The electrode by which current leaves the thyristor when the thyristor is in the on-state with the gate 
open-circuited. 

NOTE: This term does not apply to bidirectional thyristors. 

Cathode Terminal 


The terminal which is connected to the cathode. 

NOTE: This term does not apply to bidirectional thyristors. 

Collector Junction 

The junction across which the polarity of the voltage reverses when switching occurs. (See Figure 1 ). 
Electrode (of a Semiconductor Device) 

An electrical and mechanical contact to a region of a semiconductor device. 


Gate 


An electrode connected to one of the semiconductor regions for introducing control current. 

Gate Terminal 

A terminal which is connected to a gate. 

Junction (of a Semiconductor Device) 

A region of transition between semiconductor regions of different electrical properties (e.g., n-n + , p-n, p-p+ 
semiconductors), or between a metal and a semiconductor. 

Main Terminals 

The terminals through which the principal current flows. 

Main Terminal 1 (of a Bidirectional Thyristor) 

The main terminal which is named "1" by the device manufacturer. This is normally the referance terminal for all 
voltages. 

Main Terminal 2 (of a Bidirectional Thyristor) 

The main terminal which is named "2” by the device manufacturer. 

Terminal (of a Semiconductor Device) 

The externally available point of connection to one or more electrodes. 


Texas Instruments 

INCORPORATED 


1-17 


POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 


TERMS AND DEFINITIONS 
THYRISTORS 


Electrical Characteristic and Rating Terms (See Note at end of section) 

Anode-to-Cathode Voltage (Anode Voltage) 

The voltage between the anode terminal and the cathode terminal. 

NOTE: It is called positive when the anode potential is more positive than the cathode potential, and called 
negative when the anode potential is less positive than the cathode potential. 

Anode-to-Cathode Voltage-Current Characteristic (Anode Characteristic) 

A function, usually represented graphically, relating the anode-to-cathode voltage to the principal current with 
gate current, where applicable, as a parameter. 

NOTE: This term does not apply to bidirectional thyristors. 

Breakover Point 

Any point on the principal voltage-current characteristic for which the differential resistance is zero and where 
the principal voltage reaches a maximum value. (See Figures 2 and 4). 

Negative-Differential- Resistance Region 

Any portion of the principal voltage-current characteristic in the switching quadrant(s) within which the 
differential resistance is negative. (See Figures 2 and 4). 

Off-Impedance 

The differential impedance between the terminals through which the principal current flows when the thyristor 
is in the off -state at a stated operating point. 

Off -State 

The condition of the thyristor corresponding to the high-resistance, low-current portion of the principal 
voltage-current characteristic between the origin and the breakover point(s) in the switching quadrant(s). 

On-Impedance 

The differential impedance between the terminals through which the principal current flows when the thyristor 
is in the on-state at a stated operating point. 

On-State 

The condition of the thyristor corresponding to the low-resistance, low-voltage portion of the principal 
voltage-current characteristic in the switching quadrant(s). 

NOTE: In the case of reverse-conducting thyristors, this definition is applicable only for a positive 
anode-to-cathode voltage. 

Principal Voltage 

The voltage between the main terminals. 

NOTES: 1. In the case of reverse-blocking and reverse-conducting thyristors, the principal voltage is called 
positive when the anode potential is more positive then the cathode potential, and called negative 
when the anode potential is less positive than the cathode potential. 

2. For bidirectional thyristors, the principal voltage is called positive when the potential of main 
terminal 2 is more positive than the potential of main terminal 1 . 

Principal Voltage-Current Characteristic (Principal .Characteristic) 

The function, usually represented graphically, relating the principal voltage to the principal current with gate 
current, where applicable, as a parameter. 
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Reverse- Blocking Impedance (of a Reverse-Blocking Thyristor) 


The differential impedance between the two terminals through which the principal current flows when the 
thyristor is in the reverse-blocking state at a stated operating point. 

Reverse-Blocking State (of a Reverse-Blocking Thyristor) 



The condition of a reverse-blocking thyristor corresponding to the portion of the anode-to-cathode voltage-current 
characteristic for which reverse currents are of lower magnitude than the reverse breakdown current. (See 
Figure 2). 


QUADRANT DEFINITIONS 



-Vs 

The polarities of V$ and Vq are with respect to Main Terminal 1 . 
FIGURE 5 
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Symbols, Terms and Definitions 


Symbol 

Term 

Definition 

■(BO) 

Static Breakover Current 

The principal current at the breakover point. 

'(BO) 

Instantaneous Breakover Current 


l(BR)R 

Static Reverse Breakdown Current 

The principal current at the reverse breakdown 
voltage. 

i(BR)R 

Instantaneous Reverse Breakdown Current 


'D(RMS) 

RMS Off-State Current 

The principal current when the thyristor is in the 
off-state. 

id 

Static Off-State Current 


•d(av) 

Average Off -State Current 


'D 

Instantaneous Off -State Current 


•dm 

Peak Off -State Current 

* 

'DRM 

Repetitive Peak Off -State Current 

The maximum instantaneous value of the off -state 
current that results from the application of repetitive 
peak off-state voltage. 

>G 

Static Gate Current 

The current that results from the gate voltage. 

NOTES: 1. Positive gate current refers to conven- 

lG(AV) 

Average Gate Current 

tional current entering the gate ter- 
minal. 

'G 

Instantaneous Gate Current 

2. Negative gate current refers to conven- 

)GM 

Peak Gate Current 

tional current leaving the gate terminal. 

IGD 

Static Gate Nontrigger Current 

The maximum gate current which will not cause the 
thyristor to switch from the off-state to the on-state. 

■GD 

Instantaneous Gate Nontrigger Current 


•gdm 

Peak Gate Nontrigger Current 


■gq 

Static Gate Turn-Off Current 

The minimum gate current required to switch a 
thyristor from the on-state to the off-state. 

'GQ 

Instantaneous Gate Turn-Off Current 


'GQM 

Peak Gate Turn-Off Current 


IGT 

Static Gate Trigger Current 

The minimum gate current required to switch a 
thyristor from the off-state to the on-state. 

'GT 

Instantaneous Gate Trigger Current 


IGTM 

Peak Gate Trigger Current 



1-20 


Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 




TERMS AND DEFINITIONS 
THYRISTORS 


Symbol 

Term 

Definition 

'H ' 

Static Holding Current 

t 

The minimum principal current required to maintain 
the thyristor in the on-state. 

«H 

Instantaneous Holding Current 


lL 

Static Latching Current 

The minimum principal current required to maintain 
the thyristor in the on-state immediately after 

'L 

Instantaneous Latching Current 

switching from the off -state to the on-state has 
occurred and the triggering signal has been removed. 

IR(RMS) 

RMS Reverse Current 

The current for negative anode-to-cathode voltage. 

•r 

Static Reverse Current 


|r(av) 

Average Reverse Current 


•R 

Instantaneous Reverse Current 


|rm 

Peak Reverse Current 


•rrm 

Repetitive Peak Reverse Current 

The maximum instantaneous value of the reverse 
current that results from the application of repetitive 
peak reverse voltage. 

'TIRMS) 

RMS On-State Current 

The principal current when the thyristor is in the 
on-state. 

it 

Static On-State Current 


•t(AV) 

Average On-State Current 


>T 

Instantaneous On-State Current 

! 

•tm 

Peak On-State Current 


'T(OV) 

Overload Peak On-State Current 

! 

An on-state current of substantially the same 
waveshape as the normal on-state current and having 
a greater value than the normal on-state current. 

•trm 

Repetitive Peak On-State Current 

The peak value of the on-state current including all 
repetitive transient currents. 

ITSM 

Surge (Nonrepetitive) Peak On-State Current 

An on-state current of short-time duration and 
specified waveshape. 

PG 

Static Gate Power Dissipation 


PG(AV) 

Average Gate Power Dissipation 


PG 

Instantaneous Gate Power Dissipation 


PGM 

Peak Gate Power Dissipation 
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Term 

Definition 

1 

Free-Air Temperature 
(Ambient Temperature) 

The air temperature measured below a device, in an 
environment of substantially uniform temperature, 
cooled only by natural air convection and not 
materially affected by reflective and radiant surfaces. 
(Ref. MIL-S-19500D par. 20.20.1) 

T C 

Case Temperature 

The temperature measured at a specified location on 
the case of a device. (Ref. MIL-S-19500D par. 
20.20.2) 

Tj 

Virtual Junction Temperature 
(Junction Temperature) 

A theoretical temperature based on a simplified 
representation of the thermal and electrical behavior 
of the semiconductor device. 

NOTE: This term (and its definition) is taken from 
IEC standards. It is particularly applicable to 
multi-junction semiconductors and is used in 
this publication to denote the temperature of 
the active semiconductor element when 
required in specifications and test methods. 
The term "junction temperature" is used 
interchangeably with the term "virtual 
junction temperature" in this publication. 

T stg 

Storage Temperature 

The temperature at which the defice, without any 
power applied, is stored. (Ref. MIL-S-19500D par. 
20.20.3) 

*gt 

Gate-Controlled Turn-On Time 

The time interval between a specified point at the 
beginning of the gate pulse and the instant when the 
principal voltage (current) has dropped (risen) to a 
specified low (high) value during switching of a 
thyristor from the off-state to the on-state by a gate 
pulse. 

t gq 

Gate-Controlled Turn-Off Time 

The time interval between a specified point at the 
beginning of the gate pulse and the instant when the 
principal current has decreased to a specified value 
during switching from the on-state to the off-state by 
a gate pulse. 

tq 

Circuit-Commutated Turn-Off Time 

The time interval between the instant when the 
principal current has decreased to zero after external 
switching of the principal voltage circuit, and the 
instant when the thyristor is capable of supporting a 
specified principal voltage without turning on. 


Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 





TERMS AND DEFINITIONS 
THYRISTORS 


Symbol 

Term 

.... 1 

Definition 

R0 

Thermal Resistance 

The temperature difference between two specified 
points or regions divided by the power dissipation 

R0JA 

Thermal Resistance, Junction-to-Ambient 

under conditions of thermal equilibrium. 

R0JC 

Thermal Resistance, Junction-to-Case 


R0CA 

Thermal Resistance, Case-to-Ambient 


V(BO) 

Static Breakover Voltage 

i 

The principal voltage at the breakover point. 

V (B0) 

1 

Instantaneous Breakover Voltage 


V(BR)R 

Static Reverse Breakdown Voltage 

The value of negative anode-to-cathode voltage at 
which the differential resistance between the anode 

V (BR)R 

Instantaneous Reverse Breakdown Voltage 

and cathode terminals changes from a high value to a 
substantially lower value. 

V D(RMS] 

RMS Off-State Voltage 

The principal voltage when the thyristor is in the 
off -state. 

Vd 

Static Off-State Voltage 


Vd(AV) 

Average Off-State Voltage 


V D 

Instantaneous Off -State Voltage 


vdm 

Peak Off-State Voltage 


VdRM 

Repetitive Peak Off-State Voltage 

The maximum instantaneous value of the off -state 
voltage which occurs across a thyristor, including all 
repetitive transient voltages, but excluding all non- 
repetitive transient voltages. 

vdsm 

Nonrepetitive Peak Off -State Voltage 

The maximum instantaneous value of any non- 
repetitive transient off-state voltage which occurs 
across the thyristor. 

VdWM 

Working Peak Off-State Voltage 

The maximum instantaneous value of the off-state 
voltage which occurs across a thyristor, excluding all 
repetitive and nonrepetitive transient voltages. 

Vg 

Static Gate Voltage 

The voltage between a gate terminal and a specified 
main terminal. 

Vg(AV) 

Average Gate Voltage 

NOTE: Gate voltage polarity is referenced to the 
specified main terminal. 

vg 

Instantaneous Gate Voltage 


VGM 

Peak Gate Voltage 
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Symbol 

Term 

Definition 

vgd 

Static Gate Nontrigger Voltage 

The maximum gate voltage which will not cause the 
thyristor to switch from the off-state to the on-state. 

V GD 

Instantaneous Gate Nontrigger Voltage 


VGDM 

Peak Gate Nontrigger Voltage 


VGQ 

Static Gate Turn-Off Voltage 

The gate voltage required to produce the gate turn-off 
current. 

V GQ 

Instantaneous Gate Turn-Off Voltage 


VGQM 

Peak Gate Turn-Off Voltage 


Vqt 

Static Gate Trigger Voltage 

The gate voltage required to produce the gate trigger 
current. 

V GT 

Instantaneous Gate Trigger Voltage 


VGTM 

Peak Gate Trigger Voltage 


Vr(rmS) 

RMS Reverse Voltage 

A negative anode-to-cathode voltage. 

Vr 

Static Reverse Voltage 


VR(AV) 

Average Reverse Voltage 


VR 

Instantaneous Reverse Voltage 


VRM 

! 

Peak Reverse Voltage 


VRRM 

Repetitive Peak Reverse Voltage 

The maximum instantaneous value of the reverse 
voltage which occurs across the thyristor, including 
all repetitive transient voltages, but excluding all 
nonrepetitive transient voltages. 

Vrsm 

Nonrepetitive Peak Reverse Voltage 

The maximum instantaneous value of any non- 
repetitive transient reverse voltage which occurs 
across a thyristor. 

Vrwm 

Working Peak Reverse Voltage 

The maximum instantaneous value of the reverse 
voltage which occurs across the thyristor, excluding 
all repetitive and nonrepetitive transient voltages. 

Vt(RMS) 

RMS On-State Voltage 

The principal voltage when the thyristor is in the 
on-state. 

Vt 

Static On-State Voltage 


Vt(AV) 

Average On-State Voltage 


VT 

Instantaneous On-State Voltage 


VtM 

Peak On-State Voltage 
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TERMS AND DEFINITIONS 
THYRISTORS 



Term 

Definition 


Static Minimum On-State Voltage 

| 

The minimum positive principal voltage for which the 
differential resistance is zero with the gate 
open-circuited. 

20(0 

Transient Thermal Impedance 

The change of temperature difference between two 
specified points or regions at the end of a time 

ZflJA(t) 

Transient Thermal Impedance, Junction-to-Ambient 

interval divided by the step function change in power 
dissipation at the beginning of the same time interval 

ZflJC(t) 

Transient Thermal Impedance, Junction-to-Case 

causing the change of temperature difference. 
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POWER TRANSISTOR ELECTRICAL CHARACTERISTIC TESTS 


1 
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ELECTRICAL CHARACTERISTIC TESTS 


GENERAL 



In this section, accepted test practices are described as a guide to making power transistor characteristic tests. The 
material has been adapted from the forthcoming JEDEC Publication Suggested Standards on Power Transistors. Only 
those electrical characteristics included in El A JC-25 registration formats are listed. 


MEASUREMENTS 


All measurements should be made at thermal equilibrium. A condition of thermal equilibrium is achieved if halving the 
time between application of power and measurement causes no change in the result within the required accuracy. 


The connecting lines shown in the circuit diagrams have no resistance compared to their lowest terminating impedance. 
Shown are resistors, inductors, and capacitors having an ideal characteristic at the used frequency range. Voltage 
sources have zero impedance, and current sources have an infinite resistance. All voltmeters and scopes have infinite 
input resistance and all ammeters have zero resistance, unless otherwise noted. 


The listing of the following tests does not imply that all must be performed by either the manufacturer or the user. It is 
the responsibility of the user and manufacturer to agree to any series of specific tests or test conditions, and the further 
responsibility of the user to establish meaningful relationship between these tests and the performance of the power 
transistor in a particular application. 

An npn transistor is used in the test methods below. These test methods will also apply to pnp devices by changing 
polarities. For small-signal measurements, a signal is used which, when doubled in magnitude, does not produce a 
change in the measured parameter that is greater than the required accuracy. 

The transistor connections are shown separate from the test circuits for "DC", "CT", and "P" techniques. 

"DC" — D-C continuous condition 

"CT" — Curve tracer (60 cycle full rectified sinewave) 

"P" - Pulsed by a 300 jus, 2% duty cycle pulse 

CUT-OFF CURRENT [ICEO. >EBO. ICBO, ICEV. lEBI, >EB2' IB1B21 

Description 


The reverse voltage is applied and the cut-off current is measured. The cut-off current is temperature sensitive. If 
testing is done at elevated temperature, a heat sink may be necessary to prevent thermal runaway. 

Transistor Connections 
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ELECTRICAL CHARACTERISTIC TESTS 


DARLINGTON 

•CEV 



1 — 'I'l — t E 



V B1E 


•CEV ICEV 





«CEV 




! B1B2 



Test Circuits 

The supply voltage V$ should equal Rs ICUT-OFF plus the specified test voltage. The current of the transistor in 
the pulse test circuit has to be small compared to the measured cut-off current. The cut-off current is measured 
with an ammeter or with an oscilloscope. 
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ELECTRICAL CHARACTERISTIC TESTS 



1-30 


DC CT p 

Vs V S 




Test Conditions to be Specified 

Case temperature if not Tc = 25° C 

Voltage applied to the device: VcEO v EBO' VcBCb VqeV» Veb1, Vbib2* Veb 2 
Base termination: Veb, Vb2E, r B2E, VbiB2* r B 1B2 
Technique: DC, CT, Rl 

BREAKDOWN VOLTAGE [V(BR)CEX, V(BR)CEO OR VcEO(sus), V(BR)CES, V(BR)EBO, V(BR)CER] 
Description 

For breakdown measured in the sustaining region, the current should be high enough to ensure that the 
breakdown voltage is relatively insensitive to current changes. 
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ELECTRICAL CHARACTERISTIC TESTS 



SCOPE V 



In addition to the test circuits for "DC”, "CT", and "P", an inductive sweep circuit is shown. This test circuit is 
particularly useful to measure transistors in their sustaining region. 

Test Conditions To Be Specified 

Case temperature if not Tc = 25° C 

Current applied to the device: \qEX> •CECL •CES* JeBO* !CER 

Base termination: Vbb2' VbbI* Rbb 2» r BB1» r BE« pulse width, duty cycle 

Technique: DC, CT, P, Inductive Sweep 

Load resistance, inductance, and supply voltage where applicable: R|_, L, Vs 

FLOATING POTENTIAL [VEB(fl)] 

Description 

This measurement is related to the thickness of the base region. 
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ELECTRICAL CHARACTERISTIC TESTS 


CURRENT GAIN [HfeI 



Description 

The static forward current transfer ratio in the common-emitter configuration is one of the most important gain 
characteristic for power transistors. It measures the ratio of collector current to base current. 


Test Circuit 



SCOPE SCOPE 

■c ic 


The current gain is given by hpE = ^C^B- F° r the CT and P tests, Vbb » AVbe* so that Ib is constant and 
relatively independent of VbE- 


* AV bb is the range of V B £ for various devices to be tested. 


Test Conditions To Be Specified 

Case temperature if not Tq = 25°C 
Collector-emitter voltage: Vqb 
C ollector current: Iq 
T echnique: DC, CT, P 

SATURATION VOLTAGE [VcE(sat)l 

Description 

The collector-to-emitter saturation voltage is especially important for switching applications. Together with the 
collector current, it is the basis to calculate the power dissipation in the "on" state. 
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ELECTRICAL CHARACTERISTIC TESTS 


Test Circuit 



SCOPE l C SCOPE l C 

For the CT and P tests, Vbb»Vbe in order to make Ib independent of Vbe changes during the "on" 
condition. 

Test Conditions To Be Specified 

Case temperature if not Tq = 25°C 
Collector current: lc 
Base current: Ib 
T echnique: DC, CT, P 

BASE-TO-EMITTER VOLTAGE [V B e1 

Description 

There are two conditions of interest for the static base-to-emitter voltage: 

1. The transistor in saturation (commonly referred to as VBE(sat)) 

2. The transistor out of saturation (Vbe) 
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ELECTRICAL CHARACTERISTIC TESTS 


Test Circuit 



'c ! c 


For the CT and P tests, Vbb» v BE in order to make Ib independent of Vbe changes during the "on" 
condition. The base terminal for Darlington transistors is B1. 

Test Conditions To Be Specified 

Case temperature if not Tc = 25° C 

1. The transistor in saturation: (VBE(sat)) 

Collector Current: lc 

Base Current: Ib 

2. The transistor out of saturation: (Vbe) 

Collector current: \q 
Collector-to-emitter voltage: Vce 

Technique: DC, CT, P 

OPEN-CIRCUIT OUTPUT CAPACITANCE [C 0 bol 

Description 

The open-circuit output capacitance indicates the frequency limitations of a transistor. 
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ELECTRICAL CHARACTERISTIC TESTS 


Test Circuit 


TUT 

V/ 


C 

V CB 


BRIDGE 


1 


Capacitor C has to be sufficiently large to provide a short-circuit at the test frequency. The bridge has to be 
nulled with the base-to-col lector open. The base terminal for Darlington transistors is B1. 

Test Conditions To Be Specified 

Case temperature if not Tq = 25°C 
Collector-to-base voltage: Vcb 
F requency: f 

SMALL-SIGNAL SHORT-CIRCUIT INPUT IMPEDANCE [hj e , hj e (real), Mimag)] 

Description 

The input impedance is hj e = V be/lb with V ce = 0. The real and imaginary components are important for input 
matching networks. 

Circuits 

Capacitors Cl and C2 must represent a short-circuit at the measuring frequency. The bridge must be nulled with a 
short across the base and emitter terminals and Vbb = 0- When hj e is measured at 1 kHz, Ip can be measured with 
a current probe and Vbe with a scope. 
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ELECTRICAL CHARACTERISTIC TESTS 


Test Conditions To Be Specified 



Case temperature if not Tq = 25°C 
Col lector- to-emitter voltage: Vqe 
C ollector current: lc 
Frequency: f for hj e ( r eal) and hj e (j ma g) 


SMALL-SIGNAL OPEN-CIRCUIT OUTPUT ADMITTANCE Eh 0 e(real)l 


Description 

The purpose of this test is to determine the real part of the output admittance. 


Test Circuit 



The L-C network in the base circuit must have a large impedance compared with hj e at the test frequency. 
Capacitor Cl shall present a short-circuit at the test frequency. 

Test Conditions To Be Specified 

Case temperature if not Tc = 25°C 
Collector-to-emitter voltage: Vqe 
C ollector current: lc 
Frequency: f 
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ELECTRICAL CHARACTERISTIC TESTS 


SMALL-SIGNAL FORWARD CURRENT TRANSFER RATIO [hf e ] , CUT-OFF FREQUENCY [fhfel , 
AND FREQUENCY AT WHICH lhf e l EXTRAPOLATES TO UNITY [fj] 

Description 

These measurements indicate the gain hf e and the frequency response capability of transistors. Both 
measurements are dependent on the operating point. 

hfe = l c /lb (with V ce = 0) at low frequency. 

fhfe = frequency at which hf e is 3 dB down from its 1-kHz measurement 

fj = lhf e I x f. The absolute small-signal lhf e l has to be measured at a frequency f where lhf e l is decreasing 
approximately 6 dB per octave. 



The measurement as specified does not assure the 6-dB-per-octave region. The 6-dB-per-octave region can be 
determined by plotting lhf e I versus f. 


Test Circuit 


CURRENT 



CURRENT 
PROBE I c 


The L-C networks must have a very large impedance compared to the capacitors Cl and C2. The amplitude of lb 
and l c is measured with a current probe. 

The ac impedance represented by C2, the current probe for l C; and associated wiring shall be small compared to 
the output impedance of the Transistor Under Test. 

Test Conditions To Be Specified 

Case temperature if not Tc = 25° C 
Collector-to-emitter voltage: Vqe 
C ollector current: lc 
For hfe and ff only: f 
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ELECTRICAL CHARACTERISTIC TESTS 


SWITCHING TIME [td, t r , t s , tf] 



Description 

It is desirable to minimize the large possible variations in switching circuits. A circuit similar to the following is 
recommended for switching times registered on the JC-25 RDF-2 format. For definition of td, t r , t s , and tf, see 
section on “Letter Symbols, Abbreviations, Terms, and Definitions/' The transistor parameter “rise time" refers 
to the time interval during which the magnitude of the collector current is increasing and the magnitude of the 
collector voltage is descreasing. 


Test Circuit 



The rise and fall time of the input pulse shall be smaller than 10% of the maximum specified rise and fall time of 
the output pulse. Changing the pulse width t w by a factor of two should not change the storage time t s by more 
than the desired accurancy of the measurement. 

Test Conditions To Be Specified 

Case temperature if not Tc = 25° C 

VBB1» VbB2, Vcc. r BB1* r BB2# r L, l w and f of pulse generator. 
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Tl DIRECT 




Tl DIRECT 



TYPE 

REPLACEMENT 

FOR NEW DESIGN 

CLASS 

TYPE 

REPLACEMENT 

FOR NEW DESIGN 

CLASS 

2N68 


TI3027 

PNP-Ge 

2N418 


TI3031 

PNP-Ge 

2N101 


2N1038 

PNP-Ge 

2N419 


T 13029 

PNP-Ge 

2N102 


2N1038 

PNP-Ge 

2N420 


T 13029 

PNP-Ge 

2N141 


2N1038 

PNP-Ge 

2N424 

2N424 

2N424 

NPN-Ge 

2N142 


2N1038 

PNP-Ge 

2N424A 

2N424A 

2N424A 

NPN-Ge 

2N143 


2N1038 

PNP-Ge 

2N441 


2N511 

PNP-Ge 

2N144 


2N1039 

PNP-Ge 

2N442 


2N512 

PNP-Ge 

2N155 


TI3027 

PNP-Ge 

2N443 


2N513 

PNP-Ge 

2N156 

Til 56 

2N2552 

PNP-Ge 

2N456 

2N456 

2N456 

PNP-Ge 

2N158 


2N2552 

PNP-Ge 

2N456A 

2N456A 

2N456A 

PNP-Ge 

2N158A 


2N2552 

PNP-Ge 

2N456B 

2N456B 

2N456B 

PNP-Ge 

2N173 


2N512 

PNP-Ge 

2N457 

2N457 

2N457 

PNP-Ge 

2N174 


2N513 

PNP-Ge 

2N457A 

2N457A 

2N457A 

PNP-Ge 

2N174A 


2N513A 

PNP-Ge 

2N457B 

2N457B 

2N457B 

PNP-Ge 

2N176 


TI3027 

PNP-Ge 

2N458 

2N458 

2N458 

PNP-Ge 

2N178 


T 13027 

PNP-Ge 

2N458A 

2N458A 

2N458A 

PNP-Ge 

2N234A 


TI3027 

PNP-Ge 

2N458B 

2N458B 

2N458B 

PNP-Ge 

2N235A 


TI3027 

PNP-Ge 

2N459 


2N3146 

PNP-Ge 

2N236A 


T 13028 

PNP-Ge 

2N459A 


2N3146 

PNP-Ge 

2N242 


TI3029 

PNP-Ge 

2N497 

2N497 

2N497 

NPN-Si 

2N250 

2N250 

2N456 

PNP-Ge 

2N497A 

2N497A 

2N497A 

NPN-Si 

2N250A 

2N250A 

2N456 

PNP-Ge 

2N498 

2N498 

2N498 

NPN-Si 

2N251 

2N251 

2N456 

PNP-Ge 

2N498A 

2N498A 

2N498A 

NPN-Si 

2N251A 

2N251A 

2N456 

PNP-Ge 

2N511 

2N511 

2N511 

PNP-Ge 

2N255 


TI3027 

PNP-Ge 

2N511A 

2N511A 

2N511A 

PNP-Ge 

2N256 


TI3027 

PNP-Ge 

2N511B 

2N511B 

2N511B 

PNP-Ge 

2N257 


TI3027 

PNP-Ge 

2N512 

2N512 

2N512 

PNP-Ge 

2N268 


TI3027 

PNP-Ge 

2N512A 

2N512A 

2N512A 

PNP-Ge 

2N277 


2N512 

PNP-Ge 

2N512B 

2N512B 

2N512B 

PNP-Ge 

2N278 


2N513 

PNP-Ge 

2N513 

2N513 

2N513 

PNP-Ge 

2N285 


TI3027 

PNP-Ge 

2N513A 

2N513A 

2N513A 

PNP-Ge 

2N285A 


TI3027 

PNP-Ge 

2N513B 

2N513B 

2N513B 

PNP-Ge 

2N296 


TI3030 

PNP-Ge 

2N514 

2N514 

2N514 

PNP-Ge 

2N297 


T 13028 

PNP-Ge 

2N514A 

2N514A 

2N514A 

PNP-Ge 

2N301 


TI3027 

PNP-Ge 

2N514B 

2N514B 

2N514B 

PNP-Ge 

2N307 


TI3027 

PNP-Ge 

2N538 


TI3031 

PNP-Ge 

2N326 


TI3027 

PNP-Ge 

2N539 


TI3031 

PNP-Ge 

2N350 


TI3028 

PNP-Ge 

2N539A 


TI3031 

PNP-Ge 

2N351 


TI3028 

PNP-Ge 

2N540 


TI3031 

PNP-Ge 

2N375 


TI3031 

PNP-Ge 

2N553 


T 13027 

PNP-Ge 

2N376 


T 13028 

PNP-Ge 

2N554 


T 13027 

PNP-Ge 

2N378 


TI3027 

PNP-Ge 

2N555 


T 13027 

PNP-Ge 

2N379 


TI3029 

PNP-Ge 

2N561 


TI3031 

PNP-Ge 

2N380 


T 13030 

PNP-Ge 

2N574 


TI3031 

PNP-Ge 

2N389 

2N389 

2N389 

NPN-Si 

2N574A 


TI3031 

PNP-Ge 

2N389A 

2N389A 

2N389A 

NPN-Si 

2N575 


TI3031 

PNP-Ge 

2N392 


TI3027 

PNP-Ge 

2N575A 


TI3031 

PNP-Ge 

2N399 


TI3028 

PNP-Ge 

2N618 


TI3031 

PNP-Ge 

2N400 


TI3028 

PNP-Ge 

2N627 


TI3027 

PNP-Ge 

2N401 


TI3028 

PNP-Ge 

2N628 


T 13028 

PNP-Ge 


Texas Instruments 

INCORPORATED 


2-1 


POST OFFICE BOX 5012 


DALLAS, TEXAS 75222 



CROSS-REFERENCE GUIDE 



Tl DIRECT 




Tl DIRECT 



TYPE 

REPLACEMENT 

FOR NEW DESIGN 

CLASS 

TYPE 

REPLACEMENT 

FOR NEW DESIGN 

CLASS 

2N629 


TI3030 

PNP-Ge 

2N1029A 


TI3027 

PNP-Ge 

2N630 


TI3031 

PNP-Ge 

2N1029B 


TI3031 

PNP-Ge 

2N637 


TI3027 

PNP-Ge 

2N1029C 


2N456A 

PNP-Ge 

2N637A 


TI3031 

PNP-Ge 

2N1030 


2N456A 

PNP-Ge 

2N637B 


TI3146 

PNP-Ge 

2N1030A 


2N456A 

PNP-Ge 

2N638 


TI3027 

PNP-Ge 

2N1031 


TI3027 

PNP-Ge 

2N638A 


T 13028 

PNP-Ge 

2N1031A 


TI3027 

PNP-Ge 

2N638B 


TI3029 

PNP-Ge 

2N1031B 


TI3031 

PNP-Ge 

2N639 


TI3028 

PNP-Ge 

2N1031C 


TI456A 

PNP-Ge 

2N639A 


2N3146 

PNP-Ge 

2N1032 


2N456A 

PNP-Ge 

2N639B 


2N3146 

PNP-Ge 

2N1032A 


2N456A 

PNP-Ge 

2N656 

2N656 

2N656 

NPN-Si 

2N1038 

2N1038 

2N1038 

PNP-Ge 

2N656A 

2N656A 

2N656A 

NPN-Si 

2N 1038-1 

2N2552 

2N2552 

PNP-Ge 

2N657 

2N657 

2N657 

NPN-Si 

2N 1038-2 

2N2556 

2N2556 

PNP-Ge 

2N657A 

2N657A 

2N657A 

NPN-Si 

2N1039 

2N1039 

2N1039 

PNP-Ge 

2N663 


TI3027 

PNP-Ge 

2N 1039-1 

2N2553 

2N2553 

PNP-Ge 

2N665 


T 13029 

PNP-Ge 

2N 1039-2 

2N2557 

2N2557 

PNP-Ge 

2N669 


TI3027 

PNP-Ge 

2N1040 

2N1040 

2N1040 

PNR-Ge 

2N677 


2N511 

PNP-Ge 

2N 1040-1 

2N2554 

2N2554 

PNP-Ge 

2N677A 


2N512 

PNP-Ge 

2N 1040-2 

2N2558 

2N2558 

PNP-Ge 

2N677B 


2N513 

PNP-Ge 

2N1041 

2N1041 

2N1041 

PNP-Ge 

2N677C 


2N514 

PNP-Ge 

2N1041-1 

2N2555 

2N2555 

PNP-Ge 

2N678 


2N511 

PNP-Ge 

2N1041-2 

2N2559 

2N2559 

PNP-Ge 

2N678A 


2N512 

PNP-Ge 

2N1042 

2N1042 

2N1042 

PNP-Ge 

2N678B 


2N513 

PNP-Ge 

2N 1042-1 

2N2560 

2N2560 

PNP-Ge 

2N678C 


2N514 

PNP-Ge 

2N 1042-2 

2N2564 

2N2564 

PNP-Ge 

2N876 


2N3005 

SCR 

2N1043 

2N1043 

2N1043 

PNP-Ge 

2N877 


2N3005 

SCR 

2N 1043-1 

2N2561 

2N2561 

PNP-Ge 

2N878 


2N3006 

SCR 

2N 1043-2 

2N2565 

2N2565 

PNP-Ge 

2N879 


2N3007 

SCR 

2N1044 

2N1044 

2N1044 

PNP-Ge 

2N880 


2N3008 

SCR 

2N 1044-1 

2N2562 

2N2562 

PNP-Ge 

2N881 


2N3008 

SCR 

2N 1044-2 

2N2566 

2N2566 

PNP-Ge 

2N884 


2N3001 

SCR 

2N1045 

2N1045 

2N1045 

PNP-Ge 

2N885 


2N3001 

SCR 

2N 1045-1 

2N2563 

2N2563 

PNP-Ge 

2N886 


2N3002 

SCR 

2N 1045-2 

2N2567 

2N2567 

PNP-Ge 

2N887 


2N3003 

SCR 

2N1046 

2N1046 

2N1907 

PNP-Ge 

2N888 


2N3004 

SCR 

2N1046A 

2N1046A 

2N1907 

PNP-Ge 

2N889 


2N3004 

SCR 

2N1046B 

2N1046B 

2N1907 

PNP-Ge 

2N948 


2N3001 

SCR 

2N1047 

2N1047 

2N1047 

NPN-Si 

2N949 


2N3002 

SCR 

2N1047A 

2N1047A 

2N1047A 

NPN-Si 

2N950 


2N3003 

SCR 

2N1047B 

2N1047B 

2N1047B 

NPN-Si 

2N1011 


TI3028 

PNP-Ge 

2N1048 

2N1048 

2N1048 

NPN-Si 

2N1014 


2N456A 

PNP-Ge 

2N1048A 

2N1048A 

2N1048A 

NPN-Si 

2N1015 


2N3713 

NPN-Si 

2N1048B 

2N1048B 

2N1048B 

NPN-Si 

2N1016 


2N3713 

NPN-Si 

2N1049 

2N1049 

2N1049 

NPN-Si 

2N1021 

2N1021 

2N456A 

PNP-Ge 

2N1049A 

2N1049A 

2N1049A 

NPN-Si 

2N1021A 

2N1021A 

2N456A 

PNP-Ge 

2N1049B 

2N1049B 

2N1049B 

NPN-Si 

2N1022 

2N1022 

2N456A 

PNP-Ge 

2N1050 

2N1050 

2N1050 

NPN-Si 

2N1022A 

2N1022A 

2N456A 

PNP-Ge 

2N1050A 

2N1050A 

2N1050A 

NPN-Si 

2N1029 


TI3027 

PNP-Ge 

2N1050B 

2N1050B 

2N1050B 

NPN-Si 


Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 . DALLAS, TEXAS 75222 





CROSS-REFERENCE GUIDE 



Tl DIRECT 




Tl DIRECT 



TYPE 

REPLACEMENT 

FOR NEW DESIGN 

CLASS 

TYPE 

REPLACEMENT 

FOR NEW DESIGN 

CLASS 

2N1069 


2N3713 

NPN-Si 

2N1293 


TI3028 

PNP-Ge 

2N1070 


2N3713 

NPN-Si 

2N1295 


2N3146 

PNP-Ge 

2N1120 


TI3031 

PNP-Ge 

2N1297 


2N3146 

PNP-Ge 

2N1136 


TI3027 

PNP-Ge 

2N1314 


TI3027 

PNP-Ge 

2N1136A 


T 13028 

PNP-Ge 

2N1320 


2N1038 

PNP-Ge 

2N1136B 


TI3027 

PNP-Ge 

2N1322 


2N1038 

PNP-Ge 

2N1137 


2N456A 

PNP-Ge 

2N1324 


2N1038 

PNP-Ge 

2N1137A 


2N456A 

PNP-Ge 

2N1326 


2N1041 

PNP-Ge 

2N1137B 


2N456A 

PNP-Ge 

2N1328 


2N1038 

PNP-Ga 

2N1138 


TI3027 

PNP-Ge 

2N1359 

CTI 

TI3027 

PNP-Ge 

2N1138A 


2N456A 

PNP-Ge 

2N1360 

CTI 

TI3027 

PNP-Ge 

2N1138B 


2N456A 

PNP-Ge 

2N1362 

CTI 

2N3146 

PNP-Ge 

2N1146 


2N456A 

PNP-Ge 

2N1364 

CTI 

2N3146 

PNP-Ge 

2N1146A 


2N456A 

PNP-Ge 

2N1365 

CTI 

2N3146 

PNP-Ge 

2N1146B 


2N456B 

PNP-Ge 

2N1437 


2N3146 

PNP-Ge 

2N1146C 


2N456A 

PNP-Ge 

2N1438 


2N3146 

PNP-Ge 

2N1147 


2N456A 

PNP-Ge 

2N1465 


2N3146 

PNP-Ge 

2N1147A 


2N456A 

PNP-Ge 

2N1466 


2N3146 

PNP-Ge 

2N1147B 


2N456A 

PNP-Ge 

2N1470 


2N3713 

NPN-Si 

2N1147C 


2N456A 

PNP-Ge 

2N1487 


2N3713 

NPN-Si 

2N1159 


2N456A 

PNP-Ge 

2N1488 


2N3714 

NPN-Si 

2N1160 


2N456A 

PNP-Ge 

2N1489 


2N4913 

NPN-Si 

2N1162 


2N456A 

PNP-Ge 

2N1490 


2N4914 

NPN-Si 

2N1162A 


2N456A 

PNP-Ge 

2N1501 


T 13028 

PNP-Ge 

2N1163 


2N456A 

PNP-Ge 

2N1502 


TI3028 

PNP-Ge 

2N1163A 


2N456A 

PNP-Ge 

2N1504 


2N3146 

PNP-Ge 

2N1168 


TI3027 

PNP-Ge 

2N1529 

2N1529 

2N1529 

PNP-Ge 

2N1172 


TI3027 

PNP-Ge 

2N1530 

2N1530 

2N1530 

PNP-Ge 

2N1176 


2N1038 

PNP-Ge 

2N1531 

2N1531 

2N1531 

PNP-Ge 

2N1183 


2N1038 

PNP-Ge 

2N1532 

2N1532 

2N1532 

PNP-Ge 

2N1183A 


2N1038 

PNP-Ge 

2N1533 

2N1533 

2N1533 

PNP-Ge 

2N1183B 


2N1039 

PNP-Ge 

2N1534 

2N1534 

2N1534 

PNP-Ge 

2N1184 


2N2564 

PNP-Ge 

2N1534A 


TI3027 

PNP-Ge 

2N1184A 


2N2564 

PNP-Ge 

2N1535 

2N1535 

2N1535 

PNP-Ge 

2N1184B 


2N2565 

PNP-Ge 

2N1535A 


TI3027 

PNP-Ge 

2N1202 


2N3146 

PNP-Ge 

2N1536 

2N1536 

2N3028 

PNP-Ge 

2N1203 


2N3146 

PNP-Ge 

2N1536A 


T 13028 

PNP-Ge 

2N1208 


2N3715 

NPN-Si 

2N1537 

2N1537 

T 13030 

PNP-Ge 

2N1209 


2N1724 

NPN-Si 

2N1537A 


TI3030 

PNP-Ge 

2N1210 


2N1722 

NPN-Si 

2N1538 

2N1538 

2N3146 

PNP-Ge 

2N1211 


2N1722 

NPN-Si 

2N1539 

2N1539 

TI3027 

PNP-Ge 

2N1212 


2N1724 

NPN-Si 

2N1540 

2N1540 

TI3027 

PNP-Ge 

2N1227 


T 13027 

PNP-Ge 

2N1540A 


TI3028 

PNP-Ge 

2N1235 

2N1235 

2N1235 

NPN-Si 

2N1541 

2N1541 

TI3028 

PNP-Ge 

2N1260 

2N1260 

2N1260 

NPN-Si 

2N1541A 


TI3028 

PNP-Ge 

2N1261 


TI3030 

PNP-Ge 

2N1542 

2N1542 

TI3031 

PNP-Ge 

2N1262 


TI3030 

PNP-Ge 

2N1542A 


TI3031 

PNP-Ge 

2N1263 


T 13030 

PNP-Ge 

2N1543 

2N1543 

2N3146 

PNP-Ge 

2N1291 


TI3027 

PNP-Ge 

2N1544 

2N1544 

TI3027 

PNP-Ge 


CTI— Contact Texas Instruments. 


Texas Instruments 2-3 

INCORPORATED 

POST OFFICE BOX 5012 . DALLAS, TEXAS 75222 



CROSS-REFERENCE GUIDE 



Tl DIRECT 




Tl DIRECT 
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REPLACEMENT 
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REPLACEMENT 

FOR NEW DESIGN 

CLASS 

2N1544A 


TI3027 

PNP-Ge 

2N1647 


2N2150 

NPN-Si 

2N1545 

2N1545 

TI3027 

PNP-Ge 

2N1648 


2N2150 

NPN-Si 

2N1545A 


TI3027 

PNP-Ge 

2N1649 


2N2150 

NPN-Si 

2N1546 

2N1546 

TI3029 

PNP-Ge 

2N1650 


2N2151 

NPN-Si 

2N1546A 


T 13029 

PNP-Ge 

2N1660 


2N1722 

NPN-Si 

2N1547 

2N1547 

TI3031 

PNP-Ge 

2N1661 


2N1722 

NPN-Si 

2N1547A 


TI3031 

PNP-Ge 

2N1662 


2N1722 

NPN-Si 

2N1548 

2N1548 

2N3146 

PNP-Ge 

2N1666 


TI3027 

PNP-Ge 

2N1549 


TI3027 

PNP-Ge 

2N1667 


TI3027 

PNP-Ge 

2N1549A 


TI3027 

PNP-Ge 

2N1668 


TI3027 

PNP-Ge 

2N1550 


TI3027 

PNP-Ge 

2N1669 


TI3027 

PNP-Ge 

2N1550A 


TI3027 

PNP-Ge 

2N1690 

2N1690 

2N1690 

NPN-Si 

2N1551 


TI3029 

PNP-Ge 

2N1691 

2N1691 

2N1691 

NPN-Si 

2N1551A 


TI3029 

PNP-Ge 

2N1702 


2N4913 

NPN-Si 

2N1552 


TI3031 

PNP-Ge 

2N1714 

2N1714 

2N1714 

NPN-Si 

2N1552A 


TI3031 

PNP-Ge 

2N1715 

2N1715 

2N1715 

NPN-Si 

2N1553 


TI3027 

PNP-Ge 

2N1716 

2N1716 

2N1716 

NPN-Si 

2N1553A 


TI3027 

PNP-Ge 

2N1717 

2N1717 

2N1717 

NPN-Si 

2N1554 


TI3027 

PNP-Ge 

2N1718 

2N1718 

2N1718 

NPN-Si 

2N1554A 


TI3027 

PNP-Ge 

2N1719 

2N1719 

2N1719 

NPN-Si 

2N1556 


2N456B 

PNP-Ge 

2N1720 

2N1720 

2N1720 

NPN-Si 

2N1555A 


2N456B 

PNP-Ge 

2N1721 

2N1721 

2N1721 

NPN-Si 

2N1556 


2N1021A 

PNP-Ge 

2N1722 

2N1722 

2N1722 

NPN-Si 

2N1556A 


2N1021A 

PNP-Ge 

2N1722A 

2N1722A 

2N1722A 

NPN-Si 

2N1557 


2N514 

PNP-Ge 

2N1723 

2N1723 

2N3716 

NPN-Si 

2N1557A 


2N514 

PNP-Ge 

2N1724 

2N1724 

2N1724 

NPN-Si 

2N1558 


2N514 

PNP-Ge 

2N1724A 

2N1724A 

2N1724A 

NPN-Si 

2N1558A 


2N514A 

PNP-Ge 

2N1725 

2N1725 

2N1725 

NPN-Si 

2N1559 


2N514A 

PNP-Ge 

2N1755 


2N2552 

PNP-Ge 

2N1559A 


2N514A 

PNP-Ge 

2N1756 


2N2554 

PNP-Ge 

2N1560 


2N514B 

PNP-Ge 

2N1757 


2N2555 

PNP-Ge 

2N1560A 


2N514B 

PNP-Ge 

2N1758 


2N2555 

PNP-Ge 

2N1595 

2N1595 

2N1595 

SCR 

2N1759 


2N2564 

PNP-Ge 

2N1596 

2N1596 

2N1596 

SCR 

2N1760 


2N2566 

PNP-Ge 

2N1597 

2N1597 

2N1597 

SCR 

2N1761 


2N2567 

PNP-Ge 

2N1598 

2N1598 

2N1598 

SCR 

2N1762 


2N2567 

PNP-Ge 

2N1599 

2N1599 

2N1599 

SCR 

2N1772A 


TIC116A 

SCR 

2N1600 


TIC116A 

SCR 

2N1773A 


TIC116B 

SCR 

2N1601 


TIC116B 

SCR 

2N1774A 


TIC116B 

SCR 

2N1602 


TIC116B 

SCR 

2N1775A 


TIC116C 

SCR 

2N1603 


TIC116C 

SCR 

2N1776A 


TIC116C 

SCR 

2N1604 


TIC116D 

SCR 

2N1777A 


TIC116D 

SCR 

2N1616 


2N1724 

NPN-SI 

2N1778A 


TIC116E 

SCR 

2N1616A 


2N1724 

NPN-Si 

2N1870A 


TIC39Y 

SCR 

2N1617 


2N1724 

NPN-Si 

2N1871A 


TIC39F 

SCR 

2N1617A 


2N1724 

NPN-Si 

2N1872A 


TIC39A 

SCR 

2N1618 


2N1724 

NPN-Si 

2N1873A 


TIC39B 

SCR 

2N1618A 


2N1724 

NPN-Si 

2N1874A 


TIC39B 

SCR 

2N1620 


2N1724 

NPN-Si 

2N1876 


TIC39Y 

SCR 


2-4 


Texas Instruments 

INCORPORATED 


POST OFFICE BOX 5012 


DALLAS, TEXAS 75222 




CROSS-REFERENCE GUIDE 



Tl DIRECT 




Tl DIRECT 
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REPLACEMENT 

FOR NEW DESIGN 

CLASS 

TYPE 

REPLACEMENT 

FOR NEW DESIGN 

CLASS 

2N1877 


TIC39F 

SCR 

2N2111 


2 N 3846 

NPN-Si 

2N1878 


TIC39A 

SCR 

2N2112 


2N3846 

NPN-Si 

2N1879 


TIC39B 

SCR 

2N2113 


2N3846 

NPN-Si 

2N1880 


TIC39B 

SCR 

2N2114 


2N3846 

NPN-Si 

2N1881 


2N1595 

SCR 

2N2116 


2N3846 

NPN-Si 

2N1882 


2N1596 

SCR 

2N2117 


2N3846 

NPN-Si 

2N1883 


2N1596 

SCR 

2N2118 


2N3846 

NPN-Si 

2N1884 


2N1597 

SCR 

2N2119 


2N3846 

NPN-Si 

2N1885 


2N1597 

SCR 

2N2120 


2N3846 

NPN-Si 

2N1899 


2N4002 

NPN-Si 

2N2123 


2N4002 

NPN-Si 

2N1901 


2N4002 

NPN-Si 

2N2124 


2N4002 

NPN-Si 

2N1905 


2N1046 

PNP-Ge 

2N2125 


2N3847 

NPN-Si 

2N1906 


2N1907 

PNP-Ge 

2N2126 


2N3847 

NPN-Si 

2N1907 

2N1907 

2N1907 

PNP-Ge 

2N2127 


2N3847 

NPN-Si 

2N1908 

2N1908 

2N1908 

PNP-Ge 

2N2130 


2N4002 

NPN-Si 

2N1931 


2N1596 

SCR 

2N2131 


2N4002 

NPN-Si 

2N1932 


2N1597 

SCR 

2N2132 


2N3847 

NPN-Si 

2N1933 


2N1598 

SCR 

2N2133 


2N3847 

NPN-Si 

2N1934 


2N1598 

SCR 

2N2137 


2N2552 

PNP-Ge 

2N1935 


2N1598 

SCR 

2N2138 


2N2552 

PNP-Ge 

2N1936 

2N1936 

2N3846 

NPN-Si 

2N2138A 


2N2552 

PNP-Ge 

2N1937 

2N1937 

2N3846 

NPN-Si 

2N2139 


2N2554 

PNP-Ge 

2N1940 


TI3027 

PNP-Ge 

2N2139A 


2N2554 

PNP-Ge 

2N2008 


2N2987 

NPN-Si 

2N2140 


2N2555 

PNP-Ge 

2N2009 


TIC39Y 

SCR 

2N2140A 


2N2555 

PNP-Ge 

2N2010 


T1C39F 

SCR 

2N2141 


2N2555 

PNP-Ge 

2N2011 


TIC39A 

SCR 

2N2141A 


2N2555 

PNP-Ge 

2N2012 


TIC39B 

SCR 

2N2147 


2N1907 

PNP-Ge 

2N2013 


TIC39C 

SCR 

2N2148 


2N1908 

PNP-Ge 

2N2014 


TIC39D 

SCR 

2N2150 

2N2150 

2N2150 

NPN-Si 

2N2015 


2N3713 

NPN-Si 

2N2151 

2N2151 

2N2151 

NPN-Si 

2N2016 


2N3714 

NPN-Si 

2N2196 


2N2987 

NPN-Si 

2N2017 

CTI 

2 N 2989 

NPN-Si 

2N2197 


2N2987 

NPN-Si 

2N2018 

CTI 

CTI 

NPN-Si 

2N2201 


2N2987 

NPN-Si 

2N2019 

CTI 

CTI 

NPN-Si 

2N2202 


2N2987 

NPN-Si 

2N2020 

CTI 

CTI 

NPN-Si 

2N2203 


2N2987 

NPN-Si 

2N2021 

CTI 

CTI 

NPN-Si 

2N2204 


2N2987 

NPN-Si 

2N2032 

CTI 

CTI 

NPN-Si 

2N2226 


2N4002 

NPN-Si 

2N2033 

CTI 

CTI 

NPN-Si 

2N2227 


2N4003 

NPN-Si 

2N2034 

CTI 

CTI 

NPN-Si 

2N2288 


2N1046 

PNP-Ge 

2N2035 


CTI 

NPN-Si 

2N2291 


2N1907 

PNP-Ge 

2N2036 


CTI 

NPN-Si 

2N2294 


2N1907 

PNP-Ge 

2N2067 


2N2553 

PNP-Ge 

2N2304 


CTI 

NPN-Si 

2N2068 


2N2555 

PNP-Ge 

2N2305 


2N3713 

NPN-Si 

2N2106 


2N497 

NPN-Si 

2N2308 


CTI 

NPN-Si 

2N2107 


2N656 

NPN-Si 

2N2322 


TIC39Y 

SCR 

2N2108 


2N656 

NPN-Si 

2N2323 


TIC39F 

SCR 

2N2109 


2N3846 

NPN-Si 

2N2324 


TIC39A 

SCR 

2N2110 


2N3846 

NPN-Si 

2N2325 


TIC39B 

SCR 


CTI— Contact Texas Instruments. 


Texas Instruments 2-5 

INCORPORATED 

POST OFFICE BOX 50X2 • DALLAS. TEXAS 75222 


CROSS-REFERENCE GUIDE 



Tl DIRECT 




Tl DIRECT 
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REPLACEMENT 

FOR NEW DESIGN 

CLASS 

TYPE 

REPLACEMENT 

FOR NEW DESIGN 

CLASS 

2N2326 


TIC39B 

SCR 

2N2667 

2N2667 

2N2667 

PNP-Ge 

2N2327 


TIC39C 

SCR 

2N2668 

2 N 2668 

2N2668 

PNP-Ge 

2N2328 


TIC39C 

SCR 

2N2669 

2 N 2669 

2N2669 

PNP-Ge 

2N2329 


TIC39D 

SCR 

2N2670 

2N2670 

2N2670 

PNP-Ge 

2N2338 


2N3713 

NPN-Si 

2N2679 


2N3001 

SCR 

2N2339 


CTI 

NPN-Si 

2N2680 


2N3002 

SCR 

2N2344 


TIC39C 

SCR 

2N2681 


2N3003 

SCR 

2N2345 


TIC39F 

SCR 

2N2683 


2N3001 

SCR 

2N2346 


TIC39A 

SCR 

2N2684 


2N3002 

SCR 

2N2347 


TIC39B 

SCR 

2N2685 


2N3003 

SCR 

2N2348 


TIC39B 

SCR 

2N2687 


2N3005 

SCR 

2N2383 


2N1722 

NPN-Si 

2N2688 


2N3006 

SCR 

2N2384 


2N1724 

NPN-Si 

2N2689 


2N3007 

SCR 

2N2405 


2N2987 

NPN-Si 

2N2690 


2N3008 

SCR 

2N2434 


2N3146 

PNP-Ge 

2N2811 

CTI 

2N4301 

NPN-Si 

2N2444 


2N3146 

PNP-Ge 

2N2812 

CTI 

2N4301 

NPN-Si 

2N2445 


2N3146 

PNP-Ge 

2N2813 

CTI 

2N4301 

NPN-Si 

2N2472 


2N2987 

NPN-Si 

2N2814 

CTI 

2N4301 

NPN-Si 

2N2482 


2N797 

NPN-Ge 

2N2815 

CTI 

2N4002 

NPN-Si 

2N2552 

2N2552 

2N2552 

PNP-Ge 

2N2816 

CTI 

2N4002 

NPN-Si 

2N2553 

2N2553 

2N2553 

PNP-Ge 

2N2817 

CTI 

2N6324 

NPN-Si 

2N2554 

2N2554 

2N2554 

PNP-Ge 

2N2818 

CTI 

2N6324 

NPN-Si 

2N2555 

2N2555 

2N2555 

PNP-Ge 

2N2819 

CTI 

2N4002 

NPN-Si 

2N2556 

2N2556 

2N2556 

PNP-Ge 

2N2820 

CTI 

2N4002 

NPN-Si 

2N2557 

2N2557 

2N2557 

PNP-Ge 

2N2821 

CTI 

2N6324 

NPN-Si 

2N2558 

2N2558 

2N2558 

PNP-Ge 

2N2822 

CTI 

2N6324 

NPN-Si 

2N2559 

2N2559 

2N2559 

PNP-Ge 

2N2823 

CTI 

2N4002 

NPN-Si 

2N2560 

2N2560 

2N2560 

PNP-Ge 

2N2824 

CTI 

2N4002 

NPN-Si 

2N2561 

2N2561 

2N2561 

PNP-Ge 

2N2825 

CTI 

2N6324 

NPN-Si 

2N2562 

2N2562 

2N2562 

PNP-Ge 

2N2828 

CTI v 

2N3998 

NPN-Si 

2N2563 

2N2563 

2N2563 

PNP-Ge 

2N2829 

CTI 

2N3998 

NPN-Si 

2N2564 

2N2564 

2N2564 

PNP-Ge 

2N2832 


2N1908 

PNP-Si 

2N2565 

2N2565 

2N 2565 

PNP-Ge 

2N2835 


2N2564 

PNP-Si 

2N2566 

2N2566 

2N2566 

PNP-Ge 

2N2836 


TI3029 

PNP-Si 

2N2567 

2N2567 

2N2567 

PNP-Ge 

2N2866 

CTI 

2N3998 

NPN-Si 

2N2632 

CTI 

2N3998 

NPN-Si 

2N2867 

CTI 

2N3999 

NPN-Si 

2N2633 

CTI 

2N3998 

NPN-Si 

2N2869 


T 13030 

PNP-Si 

2N2634 

CTI 

2N3998 

NPN-Si 

2N2870 


TI3030 

PNP-Si 

2N2657 

CTI 

2N3418 

NPN-Si 

2N2875 

CTI 

2N3998 

NPN-Si 

2N2658 

CTI 

2N3418 

NPN-Si 

2N2877 

CTI 

2N3998 

NPN-Si 

2N2659 

2N2659 

2N2659 

PNP-Ge 

2N2878 

CTI 

2N3998 

NPN-Si 

2N2660 

2N2660 

2N2660 

PNP-Ge 

2N2879 

CTI 

2N3998 

NPN-Si 

2N2661 

2N2661 

2N2661 

PNP-Ge 

2N2880 

2N2880 

2 N 2880 

NPN-Si 

2N2662 

2N2662 

2N2662 

PNP-Ge 

2N2881 

CTI 

2N5333 

PNP-Si 

2N2663 

2N2663 

2N2663 

PNP-Ge 

2N2882 

CTI 

2N5333 

PNP-Si 

2N2664 

2N2664 

2N2664 

PNP-Ge 

2N2890 

CTI 

2N4000 

NPN-Si 

2N2665 

2N2665 

2N2665 

PNP-Ge 

2N2891 

CTI 

2N4000 

NPN-Si 

2N2666 

2N2666 

2N2666 

PNP-Ge 

2N2892 

CTI 

2N5004 

NPN-Si 


CTI— Contact Texas Instruments. 


2-6 


Texas Instruments 

INCORPORATED 


POST OFFICE BOX 5012 


DALLAS, TEXAS 75222 


CROSS-REFERENCE GUIDE 



Tl DIRECT 




Tl DIRECT 



TYPE 

REPLACEMENT 

FOR NEW DESIGN 

CLASS 

TYPE 

REPLACEMENT 

FOR NEW DESIGN 

CLASS 

2N2893 

CTI 

2N5004 

NPN-Si 

2N3144 


CTI 

NPN-Si 

2N2983 

CTI 

2N3418 

NPN-Si 

2N4145 


CTI 

NPN-Si 

2N2984 

CTI 

2N3418 

NPN-Si 

2N3146 

2N3146 

2N3146 

PNP-Ge 

2N2985 

CTI 

2N3418 

NPN-Si 

2N3147 

2N3147 

2N3147 

PNP-Ge 

2N2986 

CTI 

2N3418 

NPN-Si 

2N3149 


CTI 

NPN-Si 

2N2987 

2N2987 

2N2987 

NPN-Si 

2N3150 


CTI 

NPN-Si 

2N2988 

2N2988 

2N2988 

NPN-Si 

2N3151 


CTI 

NPN-Si 

2N2989 

2N2989 

2N2989 

NPN-Si 

2N3163 


2N3789 

PNP-Si 

2N2990 

2N2990 

2N2990 

NPN-Si 

2N3164 


CTI 

PNP-Si 

2N2991 

2N2991 

2N2991 

NPN-Si 

2N3165 


CTI 

PNP-Si 

2N2992 

2N2992 

2N2992 

NPN-Si 

2N3166 


CTI 

PNP-Si 

2N2993 

2N2993 

2N2993 

NPN-Si 

2N3167 


CTI 

PNP-Si 

2N2994 

2N2994 

2N2994 

NPN-Si 

2N3168 


CTI 

PNP-Si 

2N3001 

2N3001 

2N3001 

SCR 

2N3169 


CTI 

PNP-Si 

2N3002 

2N3002 

2N3002 

SCR 

2N3170 


CTI 

PNP-Si 

2N3003 

2N3003 

2N3003 

SCR 

2N3171 


2N3789 

PNP-Si 

2N3004 

2N3004 

2N3004 

SCR 

2N3172 


2N3789 

PNP-Si 

2N3005 

2N3005 

TIC44 

SCR 

2N3173 


2N3790 

PNP-Si 

2N3006 

2N3006 

TIC45 

SCR 

2N3174 


2N3790 

PNP-Si 

2N3007 

2N3007 

TIC46 

SCR 

2N3175 


CTI 

PNP-Si 

2N3008 

2N3008 

TIC47 

SCR 

2N3176 


CTI 

PNP-Si 

2N3021 

2N3021 

2N3789 

PNP-Si 

2N3177 


CTI 

PNP-Si 

2N3022 

2N3022 

2N3789 

PNP-Si 

2N3178 


CTI 

PNP-Si 

2N3023 

2N3023 

2N3789 

PNP-Si 

2N3179 


CTI 

PNP-Si 

2N3024 

2N3024 

2N3791 

PNP-Si 

2N3180 


CTI 

PNP-Si 

2N3025 

2N3025 

2N3791 

PNP-Si 

2N3181 


CTI 

PNP-Si 

2N3026 

2N3026 

2N3791 

PNP-Si 

2N3182 


CTI 

PNP-Si 

2N3027 


TIC44 

SCR 

2N3183 


2N3789 

PNP-Si 

2N3028 


TIC45 

SCR 

2N3184 


2N3789 

PNP-Si 

2N3029 


TIC46 

SCR 

2N3185 


2N3790 

PNP-Si 

2N3030 


TIC44 

SCR 

2N3186 


2N3790 

PNP-Si 

2N3031 


TIC45 

SCR 

2N3187 


CTI 

PNP-Si 

2N3032 


TIC46 

SCR 

2N3188 


CTI 

PNP-Si 

2N3054 


TIP31A 

NPN-Si 

2N3189 


CTI 

PNP-Si 

2N3055 

2N3055 

TIP3055 

NPN-Si 

2N3190 


CTI 

PNP-Si 

2N3074 


CTI 

PNP-Ge 

2N3191 


CTI 

NPN-Si 

2N3075 


CTI 

PNP-Ge 

2N3192 


CTI 

NPN-Si 

2N3076 


CTI 

NPN-Si 

2N3193 


CTI 

NPN-Si 

2N3079 


CTI 

NPN-Si 

2N3194 


CTI 

NPN-Si 

2N3080 


CTI 

NPN-Si 

2N3195 


2N3789 

PNP-Si 

2N3125 


2N3146 

PNP-Ge 

2N3196 


2N3789 

PNP-Si 

2N3126 


2N3146 

PNP-Ge 

2N3197 


2N3790 

PNP-Si 

2N3132 


TI3031 

PNP-Ge 

2N3198 


2N3790 

PNP-Si 

2N3138 


CTI 

NPN-Si 

2N3199 


CTI 

PNP-Si 

2N3139 


CTI 

NPN-Si 

2N3200 


CTI 

NPN-Si 

2N3140 


CTI 

NPN-Si 

2N3201 


CTI 

NPN-Si 

2N3141 


CTI 

NPN-Si 

2N3202 


CTI 

NPN-Si 

2N3142 


CTI 

NPN-Si 

2N3203 


CTI 

NPN-Si 

2N3143 


CTI 

NPN-Si 

2N3204 


CTI 

NPN-Si 


CTI— Contact Texas Instruments. 


Texas Instruments 

INCORPORATED 
POST OFFICE BOX 5012 . 


DALLAS, TEXAS 75222 



CROSS-REFERENCE GUIDE 



Tl DIRECT 




Tl DIRECT 



TYPE 

REPLACEMENT 

FOR NEW DESIGN 

CLASS 

TYPE 

REPLACEMENT 

FOR NEW DESIGN 

CLASS 

2N3205 


CTI 

NPN-Si 

2N3445 


2N3713 

NPN-Si 

2N3206 


CTI 

NPN-Si 

2N3446 


2N3714 

NPN-Si 

2N3207 


CTI 

NPN-Si 

2N3447 


2N3715 

NPN-Si 

2N3208 


CTI 

NPN-Si 

2N3448 


2N3716 

NPN-Si 

2N3220 


CTI 

NPN-Si 

2N3469 


CTI 

NPN-Si 

2N3221 


CTI 

NPN-Si 

2N3470 


CTI 

NPN-Si 

2N3222 


CTI 

NPN-Si 

2N3471 


CTI 

NPN-Si 

2N3223 


CTI 

NPN-Si 

2N3472 


CTI 

NPN-Si 

2N3226 


2N3713 

NPN-Si 

2N3473 


CTI 

NPN-Si 

2N3228 


TIC106B 

SCR 

2N3474 


CTI 

NPN-Si 

2N3230 


CTI 

NPN-Si 

2N3475 


CTI 

NPN-Si 

2N3231 


CTI 

NPN-Si 

2N3476 


CTI 

NPN-Si 

2N3232 


CTI 

NPN-Si 

2N3487 


CTI 

NPN-Si 

2N3233 


CTI 

NPN-Si 

2N3488 


CTI 

NPN-Si 

2N3234 


CTI 

NPN-Si 

2N3489 


CTI 

NPN-Si 

2N3235 


CTI 

NPN-Si 

2N3490 


CTI 

NPN-Si 

2N3236 


CTI 

NPN-Si 

2N3491 


CTI 

NPN-Si 

2N3237 


CTI 

NPN-Si 

2N3492 


CTI 

NPN-Si 

2N3238 


CTI 

NPN-Si 

2N3525 


2N1599 

SCR 

2N3239 


CTI 

NPN-Si 

2N3528 


2N1597 

SCR 

2N3240 


CTI 

NPN-Si 

2N3551 

2N3551 

2N3551 

NPN-Si 

2N3255 


2N3001 

SCR 

2N3552 

2N3552 

2N3552 

NPN-Si 

2N3256 


2N3002 

SCR 

2N3555 


TIC39Y 

SCR 

2N3258 


2N3004 

SCR 

2N3556 


TIC39F 

SCR 

2N3259 


2N3005 

SCR 

2N3557 


TIC39A 

SCR 

2N3260 


CTI 

NPN-Si 

2N3558 


TIC39B 

SCR 

2N3263 

2N3263 

CTI 

NPN-Si 

2N3559 


TIC39Y 

SCR 

2N3264 

2N3264 

CTI 

NPN-Si 

2N3560 


TIC39Y 

SCR 

2N3265 

2N3265 

CTI 

NPN-Si 

2N3561 


TIC39A 

SCR 

2N3266 

2 N 3266 

CTI 

NPN-Si 

2N3562 


TIC39B 

SCR 

2N3273 


TIC 106 A 

SCR 

2N3583 

2N3583 

2N3583 

NPN-Si 

2N3274 


TIC106B 

SCR 

2N3584 

2N3584 

2N3584 

NPN-Si 

2N3275 


TIC106C 

SCR 

2N3585 

2N3585 

2N3585 

NPN-Si 

2N3297 


CTI 

NPN-Si 

2N3589 

CTI 

CTI 

NPN-Si 

2N3327 


CTI 

NPN-Si 

2N3590 

CTI 

CTI 

NPN-Si 

2N3418 

2N3418 

2N3418 

NPN-Si 

2N3591 

CTI 

CTI 

NPN-Si 

2N3419 

2N3419 

2N3419 

NPN-Si 

2N3592 

CTI 

CTI 

NPN-Si 

2N3420 

2N3420 

2N3420 

NPN-Si 

2N3593 

CTI 

CTI 

NPN-Si 

2N3421 

2N3421 

2N3421 

NPN-Si 

2N3594 

CTI 

CTI 

NPN-Si 

2N3429 


CTI 

NPN-Si 

2N3595 

CTI 

CTI 

NPN-Si 

2N3430 


CTI 

NPN-Si 

2N3596 

CTI 

CTI 

NPN-Si 

2N3431 


CTI 

NPN-Si 

2N3597 

CTI 

2N4002 

NPN-Si 

2N3432 


CTI 

NPN-Si 

2N3598 

CTI 

2N4002 

NPN-Si 

2N3433 


CTI 

NPN-Si 

2N3599 

CTI 

2N4003 

NPN-Si 

2N3434 


CTI 

NPN-Si 

2N3611 


TI3027 

PNP-Ge 

2N3439 

2N3439 

CTI 

NPN-Si 

2N3612 


T 13028 

PNP-Ge 

2N3440 

2N3440 

CTI 

NPN-Si 

2N3613 


T 13027 

PNP-Ge 

2N3441 


CTI 

NPN-Si 

2N3614 


TI3028 

PNP-Ge 

2N3442 


CTI 

NPN-Si 

2N3615 


TI3021 

PNP-Ge 


CTI— Contact Texas Instruments. 


2-8 


Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 



CROSS-REFERENCE GUIDE 



Tl DIRECT 




Tl DIRECT 



TYPE 

REPLACEMENT 

FOR NEW DESIGN 

CLASS 

TYPE 

REPLACEMENT 

FOR NEW DESIGN 

CLASS 

2N3616 


2N3146 

PNP-Ge 

2N3846 

2N3846 

2N3846 

NPN-Si 

2N3617 


TI3030 

PNP-Ge 

2N3847 

2N3847 

2N3847 

NPN-Si 

2N3618 


2N3146 

PNP-Ge 

2 N 3848 

2N3848 

2N3848 

NPN-Si 

2N3660 


2N5333 

PNP-Si 

2N3849 

2N3849 

2N3849 

NPN-Si 

2N3661 


2N5333 

PNP-Si 

2N3850 


2N5938 

NPN-Si 

2N3667 


2N3713 

NPN-Si 

2N3851 


2N5938 

NPN-Si 

2N3675 


2N3420 

NPN-Si 

2N3852 


2N5938 

NPN-Si 

2N3676 


2N3421 

NPN-Si 

2N3853 


2N5938 

NPN-Si 

2N3713 

2N3713 

2N3713 

NPN-Si 

2N3861 


2N4240 

NPN-Si 

2N3714 

2N3714 

2N3714 

NPN-Si 

2N3863 


2N3715 

NPN-Si 

2N3715 

2N3715 

2N3715 

NPN-Si 

2N3864 


2N3716 

NPN-Si 

2N3716 

2N3716 

2N3716 

NPN-Si 

2N3865 

CTI 

CTI 

NPN-Si 

2N3719 

2N3719 

2N3719 

PNP-Si 

2N3878 

CTI 

TIP41A 

NPN-Si 

2N3720 

2N3720 

2N3720 

PNP-Si 

2N3879 

CTI 

TIP41C 

NPN-Si 

2N3730 

CTI 

CTI 

PNP-Ge 

2N3902 

2N3902 

2N3902 

NPN-Si 

2N3731 

CTI 

CTI 

PNP-Ge 

2N3916 


2N3583 

NPN-Si 

2N3732 

CTI 

CTI 

PNP-Ge 

2N3917 


2N3583 

NPN-Si 

2N3738 


2N3584 

NPN-Si 

2N3918 

CTI 

TIP33 

NPN-Si 

2N3739 


2N3585 

NPN-Si 

2N3919 

CTI 

TIP33 

NPN-Si 

2N3740 

CTI 

TIP30A 

PNP-Si 

2N3920 

CTI 

TIP33 

NPN-Si 

2N3741 

CTI 

TIP30B 

PNP-Si 

2N3996 

2N3996 

2N3996 

NPN-Si 

2N3743 

CTI 

CTI 

PNP-Si 

2N3997 

2N3997 

2N3997 

NPN-Si 

2N3744 


2N3996 

NPN-Si 

2N3998 

2N3998 

2N3998 

NPN-Si 

2N3745 


2N3997 

NPN-Si 

2N3999 

2 N 3999 

2N3999 

NPN-Si 

2N3746 

CTI 

CTI 

NPN-Si 

2N4000 

2N4000 

2N4000 

NPN-Si 

2N3747 

CTI 

CTI 

NPN-Si 

2N4001 

2N4001 

2N4001 

NPN-Si 

2N3748 

CTI 

CTI 

NPN-Si 

2N4002 

2N4002 

2N4002 

NPN-Si 

2N3749 

CTI 

CTI 

NPN-Si 

2N4003 

2N4003 

2N4003 

NPN-Si 

2N3750 


2N5938 

NPN-Si 

2N4004 

2N4004 

2N4004 

NPN-Si 

2N3751 

CTI 

CTI 

NPN-Si 

2N4005 

2N4005 

2N4005 

NPN-Si 

2N3752 

CTI 

CTI 

NPN-Si 

2N4063 


2N3440 

NPN-Si 

2N3766 

CTI 

TIP29A 

NPN-Si 

2N4064 


2N3440 

NPN-Si 

2N3767 

CTI 

TIP29B 

NPN-Si 

2N4070 


CTI 

NPN-Si 

2N3771 

2N3771 

2N3771 

NPN-Si 

2N4071 


CTI 

NPN-Si 

2N3772 

2N3772 

2N2772 

NPN-Si 

2N4075 


2N4998 

NPN-Si 

2N3773 

CTI 

CTI 

NPN-Si 

2N4076 


2N4998 

NPN-Si 

2N3774 


2N3719 

PNP-Si 

2N4096 


TIC39F 

SCR 

2N3775 


2N5333 

PNP-Si 

2N4097 


TIC39A 

SCR 

2N3776 


2N5333 

PNP-Si 

2N4108 


2N3006 

SCR 

2N3777 


2N5333 

PNP-Si 

2N4109 


2N3007 

SCR 

2N3778 


2N5333 

PNP-Si 

2N4111 


TIP3055 

NPN-Si 

2N3779 


2N5333 

PNP-Si 

2N4112 


TIP3055 

NPN-Si 

2N3780 


2N5333 

PNP-Si 

2N4113 


TIP33B 

NPN-Si 

2N3781 


2N5333 

PNP-Si 

2N4114 


TIP33B 

NPN-Si 

2N3782 


2N5333 

PNP-Si 

2N4115 


CTI 

NPN-Si 

2N3788 

CTI 

TIP53 

NPN-Si 

2N4116 


CTI 

NPN-Si 

2N3789 

2N3789 

2N3789 

PNP-Si 

2N4130 


TIP35B 

NPN-Si 

2N3790 

2N3790 

2N3790 

PNP-Si 

2N4131 


TJP35C 

NPN-Si 

2N3791 

2N3791 

2N3791 

PNP-Si 

2N4150 


2N4300 

NPN-Si 

2N3792 

2N3792 

2N3792 

PNP-Si 






CTI— Contact Texas Instruments. 


Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 . DALLAS, TEXAS 75222 




CROSS-REFERENCE GUIDE 


Tl DIRECT 


TYPE 

REPLACEMENT FOR NEW DESIGN 

CLASS 

TYPE 

REPLACEMENT 

FOR NEW DEI 

2N4152 

TIC116F 

SCR 

2N4201 


TIC106E 

2N4153 

TIC116A 

SCR 

2N4202 


CTI 

2N4154 

TIC116B 

SCR 

2N4210 


2N4002 

2N4155 

TIC116C 

SCR 

2N4211 


2N4003 

2N4156 

TIC1160 

SCR 

2N4212 


TIC39Y 

2N4157 

TIC116E 

SCR 

2N4213 


TIC39F 

2N4158 

TIC116M 

SCR 

2N4214 


TIC39A 

2N4159 

TIC116F 

SCR 

2N4215 


TIC39B 

2N4160 

TIC116F 

SCR 

2N4216 


TIC39B 

2N4161 

TIC116A 

SCR 

2N4217 


TIC39C 

2N4162 

TIC116B 

SCR 

2N4218 


TIC39C 

2N4163 

TIC116C 

SCR 

2N4219 


TIC39D 

2N4164 

TIC116D 

SCR 

2N4231 


TIP31 

2N4165 

TIC116E 

SCR 

2N4232 


TIP31A 

2N4166 

TIC116M 

SCR 

2N4233 


TIP31B 

2N4167 

TIC116F 

SCR 

2N4234 


TIP30 

2N4168 

TIC116F 

SCR 

2N4235 


TIP30A 

2N4169 

TIC116A 

SCR 

2N4236 


TIP30B 

2N4170 

TIC116B 

SCR 

2N4240 

2N4240 

TIP48 

2N4171 

TIC116C 

SCR 

2N4241 


TI3027 

2N4172 

TIC116D 

SCR 

2N4242 


TI3029 

2N4173 

TIC116E 

SCR 

2N4243 


TI3028 

2N4174 

TIC116M 

SCR 

2N4244 


TI3027 

2N4175 

TIC116F 

SCR 

2N4245 


T 13030 

2N4176 

TIC116F 

SCR 

2N4246 


T 13028 

2N4177 

TIC1 16A 

SCR 

2N4247 


TI3027 

2N4178 

TIC116B 

SCR 

2N4271 


2N657 

2N4179 

TIC116C 

SCR 

2N4272 


2N657 

2N4180 

TIC116D 

SCR 

2N4273 

CTI 

CTI 

2N4181 

TIC116E 

SCR 

2N4296 


TIP47 

2N4182 

TIC116M 

SCR 

2N4297 


TIP47 

2N4183 

TIC116F 

SCR 

2N4298 


TIP49 

2N4184 

TIC116F 

SCR 

2N4299 


TIP49 

2N4185 

TIC116A 

SCR 

2N4300 

2N4300 

2N4300 

2N4186 

TIC116B 

SCR 

2N4301 

2N4301 

2N4301 

2N4187 

TIC116C 

SCR 

2N4305 

CTI 

2N5154 

2N4188 

TIC116D 

SCR 

2N4307 

CTI 

2N5154 

2N4189 

TIC116E 

SCR 

2N4309 

CTI 

2N5154 

2N4190 

TIC116M 

SCR 

2N431 1 

CTI 

2N5154 

2N4191 

TIC116F 

SCR 

2N4316 


TIC116A 

2N4192 

TIC116F 

SCR 

2N4317 


TIC116B 

2N4193 

} TIC116A 

SCR 

2N4318 


TIC116C 

2N4194 

TIC116B 

SCR 

2N4319 


TIC116D 

2N4195 

TIC116C 

SCR 

2N4322* 


2N3001 

2N4196 

TIC116D 

SCR 

2N4333* 


TIC39F 

2N4197 

TIC116E 

SCR 

2N4334* 


TIC39A 

2N4198 

TIC116M 

SCR 

2N4335* 


TIC39B 

2N4199 

TIC106C 

SCR 

2N4337* 


TIC39C 

2N4200 

TIC106D 

SCR 

2N4346 


T 13031 


Tl DIRECT 


Asterisk denotes 2N numbers not JEDEC registered through December 1970. 
CTI— Contact Texas Instruments. 


2-10 


Texas Instruments 


INCORPORATED 
POST OFFICE BOX 5012 


CLASS 

SCR 

SCR 

NPN-Si 

NPN-Si 

SCR 

S>CR 

SCR 

SCR 

SCR 

SCR 

SCR 

SCR 

NPN-Si 

NPN-Si 

NPN-Si 

PNP-Si 

PNP-Si 

PNP-Si 

NPN-Si 

PNP-Ge 

PNP-Ge 

PNP-Ge 

PNP-Ge 

PNP-Ge 

PNP-Ge 

PNP-Ge 

NPN-Si 

NPN-Si 

NPN-Si 

NPN-Si 

NPN-Si 

NPN-Si 

NPN-Si 

NPN-Si 

NPN-Si 

NPN-Si 

NPN-Si 

NPN-Si 

NPN-Si 

SCR 

SCR 

SCR 

SCR 

SCR 

SCR 

SCR 

SCR 

SCR 

PNP-Ge 


DALLAS, TEXAS 75222 



CROSS-REFERENCE GUIDE 


Tl DIRECT 


TYPE 

REPLACEMENT 

FOR NEW DESIGN 

CLASS 

2N4347 

CTI 

2N3716 

NPN-Si 

2N4348 

CTI 

2N3716 

NPN-Si 

2N4387 

CTI 

TIP30 

PNP-Si 

2N4388 

CTI 

TIP30A 

PNP-Si 

2N4395 


2N3713 

NPN-Si 

2N4396 


2N3713 

NPN-Si 

2N4398 

2N4398 

2N4398 

PNP-Si 

2N4399 

2N4399 

2N4399 

PNP-Si 

2N4441 


TIC116F 

SCR 

2N4442 


TIC116B 

SCR 

2N4443 


TIC116D 

SCR 

2N4444 


TIC116M 

SCR 

2N4862 


CTI 

NPN-Si 

2N4863 

CTI 

2N5148 

NPN-Si 

2N4864 

CTI 

CTI 

NPN-Si 

2N4865 


CTI 

NPN-Si 

2N4866 


CTI 

NPN-Si 

2N4877 


CTI 

NPN-Si 

2N4898 

CTI 

TIP30 

PNP-Si 

2N4899 

CTI 

TIP30A 

PNP-Si 

2N490Q 

CTI 

TIP30B 

PNP-Si 

2N4901 

2N4901 

TIP34 

PNP-Si 

2N4902 

2N4902 

TIP34A 

PNP-Si 

2N4903 

2N4903 

TIP34B 

PNP-Si 

2N4904 

2N4904 

TIP34 

PNP-Si 

2N4905 

2N4905 

TIP34A 

PNP-Si 

2N4906 

2N4906 

TIP34B 

PNP-Si 

2N4907 

CTI 

TIP34 

PNP-Si 

2N4908 

CTI 

TIP34A 

PNP-Si 

2N4910 

CTI 

TIP33 

NPN-Si 

2N491 1 

CTI 

TIP33A 

NPN-Si 

2N4912 

CTI 

TIP33B 

NPN-Si 

2N4913 

2N4913 

TIP33 

NPN-Si 

2N4914 

2N4914 

TIP33A 

NPN-Si 

2N4915 

2N4915 

TIP33B 

NPN-Si 

2N4918 


TIP30 

PNP-Si 

2N4919 


TIP30A 

PNP-Si 

2N4920 


TIP30B 

PNP-Si 

2N4921 


TIP29 

NPN-Si 

2N4922 


TIP29A 

NPN-Si 

2N4923 


TIP29B 

NPN-Si 

2N4998 

2N4998 

2N4998 

NPN-Si 

2N4999 

2N4999 

2N4999 

NPN-Si 

2N5000 

2N5000 

2N5000 

NPN-Si 

2N5001 

2N5001 

2N5001 

NPN-Si 

2N5002 

2N5002 

2N5002 

NPN-Si 

2N5003 

2N5003 

2 N 5003 

PNP-Si 

2N5004 

2N5004 

2N5004 

NPN-Si 

2N5005 

2N5005 

2N5005 

PNP-Si 


CTI— Contact Texas Instruments. 


Tl DIRECT 


TYPE 

REPLACEMENT 

FOR NEW DESIGN 

CLASS 

2N5006 


2N6128 

NPN-Si 

2N5007 


2N6127 

PNP-Si 

2N5008 


2N6128 

NPN-Si 

2N5009 


2N6127 

PNP-Si 

2N5010 

CTI 

2N3439 

NPN-Si 

2N5011 

CTI 

2N3439 

NPN-Si 

2N5012 

CTI 

2N3439 

NPN-Si 

2N5013 


2N3439 

NPN-Si 

2N5014 


2N3439 

NPN-Si 

2N5015 


2N3439 

NPN-Si 

2N5034 


TIP33 

NPN-Si 

2N5035 


TIP33 

NPN-Si 

2N5036 


TIP33A 

NPN-Si 

2N5037 


TIP33A 

NPN-Si 

2N5038 

2 N 5038 

2N5038 

NPN-Si 

2N5039 

2N5039 

2N5039 

NPN-Si 

2N5048 


2N6128 

NPN-Si 

2N5049 


2N6128 

NPN-Si 

2N5050 

CTI 

TIP47 

NPN-Si 

2N5051 

CTI 

TIP47 

NPN-Si 

2N5052 

CTI 

CTI 

NPN-Si 

2N5060 

2N5060 

TIC60 

SCR 

2N5061 

2N5061 

TIC61 

SCR 

2N5062 

2N5062 

TIC62 

SCR 

2N5063 

2N5063 

TIC63 

SCR 

2 N 5064 

2 N 5064 

TIC64 

SCR 

2N5067 

2N5067 

TIP33 

NPN-Si 

2N5068 

2N5068 

TIP33A 

NPN-Si 

2N5069 

2N5069 

TIP33B 

NPN-Si 

2N5147 

2N5147 

2N5147 

PNP-Si 

2N5148 

2N5148 

2N5148 

NPN-Si 

2N5149 

2N5149 

2N5149 

PNP-Si 

2N5150 

2N5150 

2N5150 

NPN-Si 

2N5151 

2N5151 

2N5151 

PNP-Si 

2N5152 

2N5152 

2N5152 

NPN-Si 

2N5153 

2N5153 

2N5153 

PNP-Si 

2N5154 

2N5154 

2N5154 

NPN-Si 

2N5157 

2N5157 

2N5157 

NPN-Si 

2N5190 


TIP31 

NPN-Si 

2N5191 


TIP31A 

NPN-Si 

2N5192 


TIP31B 

NPN-Si 

2N5193 


TIP32 

PNP-Si 

2N5194 


TIP32A 

PNP-Si 

2N5195 


TIP32B 

PNP-Si 

2N5202 

CTI 

CTI 

NPN-Si 

2N5237 

CTI 

CTI 

NPN-Si 

2N5238 

CTI 

CTI 

NPN-Si 

2N5239 

CTI 

CTI 

NPN-Si 

2N5240 

CTI 

CTI 

NPN-Si 


Texas Instruments 

INCORPORATED 
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POST OFFICE SOX 5012 • DALLAS, TEXAS 75222 


CROSS-REFERENCE GUIDE 


TYPE 

Tl DIRECT 
REPLACEMENT 

FOR NEW DESIGN 

CLASS 

TYPE 

Tl DIRECT 
REPLACEMENT 

FOR NEW DESIGN 

CLASS 

2N5241 

2N5241 

2N5241 

NPN-Si 

2N5349 

CTI 

CTI 

NPN-Si 

2N5273 


TIC263B 

TRIAC 

2N5384 

2N5384 

2N5384 

PNP-Si 

2N5274 


TIC263D 

TRIAC 

2N5385 

2N5385 

2N5385 

PNP-Si 

2N5275 


TIC263M 

TRIAC 

2N5386 

2N5386 

2 N 5386 

PNP-Si 

2N5279 

CTI 

2N3439 

NPN-Si 

2N5387 

2N5387 

2N5387 

NPN-Si 

2N5280 

CTI 

2N3439 

NPN-Si 

2N5388 

2N5388 

2N5388 

NPN-Si 

2N5284 

CTI 

2N5002 

NPN-Si 

2N5389 

2N5389 

2N5389 

NPN-Si 

2N5285 

CTI 

2N5004 

NPN-Si 

2N5390 

2 N 5390 

2N5390 

NPN-Si 

2N5286 

CTI 

2N5003 

PNP-Si 

2N5404 

CTI 

2N5153 

PNP-Si 

2N5287 

CTI 

2N5005 

PNP-Si 

2N5405 

CTI 

2N5153 

PNP-Si 

2N5288 

CTI 

2N6128 

NPN-Si 

2N5406 

CTI 

2N5153 

PNP-Si 

2N5289 

CTI 

2N6128 

NPN-Si 

2N5407 

CTI 

2N5153 

PNP-Si 

2N5290 

CTI 

2N6127 

PNP-Si 

2N 5408 

CTI 

2N5005 

PNP-Si 

2N5291 

CTI 

2N6127 

PNP-Si 

2N 5409 

CTI 

2N5005 

PNP-Si 

2N5293 


TIP31B 

NPN-Si 

2N5410 

CTI 

2N5005 

PNP-Si 

2N5294 


TIP31B 

NPN-Si 

2N5411 

CTI 

2N5005 

PNP-Si 

2N5295 


TIP31 

NPN-Si 

2N5412 

CTI 

CTI 

NPN-Si 

2N5296 


TIP31 

NPN-Si 

2N 5427 

CTI 

TIP31B 

NPN-Si 

2N5297 


TIP31A 

NPN-Si 

2N5428 

CTI 

TIP31B 

NPN-Si 

2N5298 


TIP31A 

NPN-Si 

2N 5429 

CTI 

TIP31C 

NPN-Si 

2N5301 

2N5301 

2N5301 

NPN-Si 

2N5230 

CTI 

TIP31C 

NPN-Si 

2N5302 

2N5302 

2N5302 

NPN-Si 

2N5466 

CTI 

TIP54 

NPN-Si 

2N5303 

2N5303 

2N5303 

NPN-Si 

2N5467 

CTI 

TIP54 

NPN-Si 

2N5312 

CTI 

2N6127 

PNP-Si 

2N5468 

CTI 

TIP530 

NPN-Si 

2N5313 

CTI 

2N6128 

NPN-Si 

2N 5469 

CTI 

TIP530 

NPN-Si 

2N5314 

CTI 

2N6127 

PNP-Si 

2N 5477 

CTI 

CTI 

NPN-Si 

2N5315 

CTI 

2N6128 

NPN-Si 

2N5478 

CTI 

CTI 

NPN-Si 

2N5316 

CTI 

2N6127 

PNP-Si 

2N5479 

CTI 

CTI 

NPN-Si 

2N5317 

CTI 

2N6128 

NPN-Si 

2N5480 

CTI 

CTI 

NPN-Si 

2N5318 

CTI 

2N6127 

PNP-Si 

2N5489 

CTI 

TIXP547 

NPN-Si 

2N5319 

CTI 

2N6128 

NPN-Si 

2N5490 


TIP41 

NPN-Si 

2N5326 

CTI 

CTI 

NPN-Si 

2N 5491 


TIP41 

NPN-Si 

2N5327 

CTI 

CTI 

NPN-Si 

2N5492 


TIP41A 

N.PN-Si 

2N5328 

CTI 

CTI 

NPN-Si 

2N 5493 


TIP41A 

NPN-Si 

2N5329 

CTI 

CTI 

NPN-Si 

2N5494 


TIP41 

NPN-Si 

2N5330 

CTI 

CTI 

NPN-Si 

2N5495 


TIP41 

NPN-Si 

2N5331 

CTI 

CTI 

NPN-Si 

2N5496 


TIP41B 

NPN-Si 

2N5333 

2 N 5333 

2N5333 

NPN-Si 

2N5497 


TIP41B 

NPN-Si 

2N5334 

CTI 

CTI 

NPN-Si 

2N5529 

CTI 

2N5938 

NPN-Si 

2N5335 

CTI 

CTI 

NPN-Si 

2N5530 

CTI 

2N5938 

NPN-Si 

2N5336 

CTI 

2N5152 

NPN-Si 

2N5531 

CTI 

CTI 

NPN-Si 

2N5337 

CTI 

2N5154 

NPN-Si 

2N5532 

CTI 

2N5938 

NPN-Si 

2N5338 

CTI 

2N5152 

NPN-Si 

2N5533 

CTI 

2N5938 

NPN-Si 

2N5339 

CTI 

2N5154 

NPN-Si 

2N5534 

CTI 

2N5938 

NPN-Si 

2N5344 

CTI 

CTI 

PNP-Si 

2N5535 

CTI 

2N5939 

NPN-Si 

2N5345 

CTI 

CTI 

PNP-Si 

2N5536 

CTI 

2N5939 

NPN-Si 

2N5346 

CTI 

CTI 

NPN-Si 

2N5537 

CTI 

2N5939 

NPN-Si 

2N5347 

CTI 

CTI 

NPN-Si 

2N5538 

CTI 

2N5939 

NPN-Si 

2N5348 

CTI 

CTI 

NPN-Si 

2N5539 

CTI 

2N4002 

NPN-Si 


CTI— Contact Texas Instruments. 
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CROSS-REFERENCE GUIDE 



Tl DIRECT 




Tl DIRECT 



TYPE 

REPLACEMENT 

FOR NEW DESIGN 

CLASS 

TYPE 

REPLACEMENT 

FOR NEW DESIGN 

CLASS 

2N5540 

CTI 

2N5389 

NPN-Si 

2N5632 

CTI 

2N5885 

NPN-Si 

2N5541 

CTI 

2N3421 

NPN-Si 

2N5633 

CTI 

2N5885 

NPN-Si 

2N5542 

CTI 

2N4301 

NPN-Si 

2N5634 

CTI 

2N5885 

NPN-Si 

2N5552 

CTI 

CTI 

NPN-Si 

2N5655 


TIP47 

NPN-Si 

2N5553* 

CTI 

CTI 

NPN-Si 

2N5656 


TIP48 

NPN-Si 

2N5554* 

CTI 

CTI 

NPN-Si 

2N5657 


TIP49 

NPN-Si 

2N5559 

CTI 

CTI 

NPN-Si 

2N5658 

CTI 

2N3997 

NPN-Si 

2N5560 

CTI 

2N4002 

NPN-Si 

2N5659 

CTI 

2N3997 

NPN-Si 

2N5567 


TIC236B 

TRIAC 

2N5660 

CTI 

CTI 

NPN-Si 

2N5568 


TIC236D 

TRIAC 

2N5661 

CTI 

CTI 

NPN-Si 

2N5569 


TIC236B 

TRIAC 

2N5662 

CTI 

CTI 

NPN-Si 

2N5570 


TIC236D 

TRIAC 

2N5663 

CTI 

CTI 

NPN-Si 

2N5571 


TIC246B 

TRIAC 

2N5664 

CTI 

CTI 

NPN-Si 

2N5572 


TIC246D 

TRIAC 

2N5665 

CTI 

CTI 

NPN-Si 

2N5573 


TIC246B 

TRIAC 

2N5666 

CTI 

CTI 

NPN-Si 

2N5574 


TIC246D 

TRIAC 

2N5667 

CTI 

CTI 

NPN-Si 

2N 5597 


TIP30A 

PNP-Si 

2N5671 

2N5671 

2N5671 

NPN-Si 

2N 5598 


TIP31A 

NPN-Si 

2N5672 

2N5672 

2N5672 

NPN-Si 

2N5599 


TIP30B 

PNP-Si 

2N5675 

CTI 

2N5333 

PNP-Si 

2N5600 

CTI 

TIP31B 

NPN-Si 

2N5676 

CTI 

2N5384 

PNP-Si 

2N5601 

CTI 

TIP30B 

PNP-Si 

2N5677 

CTI 

2N5386 

PNP-Si 

2N5602 

CTI 

TIP31B 

NPN-Si 

2N5678 

CTI 

CTI 

PNP-Si 

2N5603 

CTI 

TIP30C 

PNP-Si 

2N5679 

CTI 

2N5333 

PNP-Si 

2N5604 

CTI 

TIP31C 

NPN-Si 

2N5680 

CTI 

2N5333 

PNP-Si 

2N5605 

CTI 

TIP42A 

PNP-Si 

2N5681 

CTI 

2N2990 

NPN-Si 

2N5606 

CTI 

CTI 

NPN-Si 

2N5682 

CTI 

2N2990 

NPN-Si 

2N5607 

CTI 

TIP42B 

PNP-Si 

2N5683 

2N5683 

2N5683 

PNP-Si 

2N 5608 

CTI 

CTI 

NPN-Si 

2N5684 

2N5684 

2N5684 

PNP-Si 

2N5609 

CTI 

TIP42C 

PNP-Si 

2N5685 

2N5685 

2N5685 

NPN-Si 

2N5611 


TIP42C 

PNP-Si 

2N5686 

2N5686 

2N5686 

NPN-Si 

2N5613 


2N3791 

PNP-Si 

2N5692 

CTI 

CTI 

PNP-Ge 

2N5614 


TIP33A 

NPN-Si 

2N5693 

CTI 

CTI 

PNP-Ge 

2N5615 


2N3792 

PNP-Si 

2N5694 

CTI 

CTI 

PNP-Ge 

2N5616 


TIP33B 

NPN-Si 

2N5695 

CTI 

CTI 

PNP-Ge 

2N5617 


2N3792 

PNP-Si 

2N5696 

CTI 

CTI 

PNP-Ge 

2N5618 


TIP33B 

NPN-Si 

2N5719 


2N3002 

SCR 

2N5619 


2N3792 

PNP-Si 

2N5720 


2N3003 

SCR 

2N5620 


TIP33C 

NPN-Si 

2N5721 


2N3004 

SCR 

2N5621 


2N3791 

PNP-Si 

2N5722 


CTI 

SCR 

2N5622 


TIP35A 

NPN-Si 

2N5724 


TIC39F 

SCR 

2N5623 


2N3792 

PNP-Si 

2N5725 


TIC39A 

SCR 

2N5624 


TIP35B 

NPN-Si 

2N5726 


TIC39B 

SCR 

2N5625 


2N5884 

PNP-Si 

2N5727 


TIC39C 

SCR 

2N5626 


TIP35B 

NPN-Si 

2N5729 

CTI 

2N3420 

NPN-Si 

2N5627 


2N5884 

PNP-Si 

2N5730 

CTI 

2N5004 

NPN-Si 

2N5628 

CTI 

CTI 

NPN-Si 

2N5731 

CTI 

2N6128 

NPN-Si 

2N5629 

CTI 

2N5885 

NPN-Si 

2N5732 


TIP35C 

NPN-Si 

2N5630 

CTI 

2N5885 

NPN-Si 

2N5734 


2N5885 

NPN-Si 

2N5631 

CTI 

2N5885 

NPN-Si 

2N5737 

CTI 

2N3791 

PNP-Si 


•Asterisk denotes 2N numbers not JEDEC registered through December 1970. 
CTI— Contact Texas Instruments. 
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CROSS-REFERENCE GUIDE 


TYPE 

Tl DIRECT 

REPLACEMENT 

FOR NEW DESIGN 

CLASS 

TYPE 

Tl DIRECT 
REPLACEMENT 

FOR NEW DESIGN 

CLASS 

2N5738 

CTI 

2N3792 

PNP-Si 

2N5888 

CTI 

CTI 

PNP-Ge 

2N5739 

CTI 

CTI 

PNP-Si 

2N5889 

CTI 

CTI 

PNP-Ge 

2N5740 

CTI 

CTI 

PNP-Si 

2N5900 

CTI 

CTI 

PNP-Ge 

2N5741 

CTI 

2N5883 

PNP-Si 

2N5901 

CTI 

CTI 

PNP-Ge 

2N5742 

CTI 

2N5884 

PNP-Si 

2N5926 

CTI 

CTI 

NPN-Si 

2N5743 

CTI 

CTI 

PNP-Si 

2N5927 

CTI 

CTI 

NPN-Si 

2N5744 

CTI 

CTI 

PNP-Si 

2N5928 

CTI 

CTI 

NPN-Si 

2N5745 

CTI 

2N5883 

PNP-Si 

2N5929 

CTI 

CTI 

NPN-Si 

2N5758 

2N5758 

2N5758 

NPN-Si 

2N5930 

CTI 

CTI 

NPN-Si 

2N5759 

2N5759 

2N5759 

NPN-Si 

2N5931 

CTI 

CTI 

NPN-Si 

2N5760 

2N5760 

2N5760 

NPN-Si 

2N5932 

CTI 

CTI 

NPN-Si 

2N5781 

CTI 

CTI 

PNP-Si 

2N5933 

CTI 

CTI 

NPN-Si 

2N5782 

CTI 

CTI 

PNP-Si 

2N5934 

CTI 

CTI 

NPN-Si 

2N5783 

CTI 

CTI 

PNP-Si 

2N5935 

CTI 

CTI 

NPN-Si 

2N5784 

CTI 

CTI 

NPN-Si 

2N5936 

CTI 

CTI 

NPN-Si 

2N5785 

CTI 

CTI 

NPN-Si 

2N5937 

CTI 

CTI 

NPN-Si 

2N5786 

CTI 

CTI 

NPN-Si 

2N5938 • 

2N5938 

CTI 

NPN-Si 

2N5787 


TIC44 

SCR 

2N5939 

2N5939 

CTI 

NPN-Si 

2N5788 


TIC45 

SCR 

2N5940 

2N5940 

CTI 

NPN-Si 

2N5791 


CTI 

SCR 

2N5954 

CTI 

TIP41A 

NPN-Si 

2N5792 


TIC39D 

SCR 

2N5955 

CTI 

TIP41A 

NPN-Si 

2N5804 

CTI 

TIP52 

NPN-Si 

2N5956 

CTI 

TIP41 

NPN-Si 

2N5805 

CTI 

TIP54 

NPN-Si 

2N5957 

CTI 

CTI 

NPN-Si 

2N5838 


TIP52 

NPN-Si 

2N5958 

CTI 

CTI 

NPN-Si 

2N5839 


TIP52 

NPN-Si 

2N5959 

CTI 

CTI 

NPN-Si 

2N5840 


TIP54 

NPN-Si 

2N5960 

CTI 

CTI 

NPN-Si 

2N5853 

CTI 

2N5386 

PNP-Si 

2N5966 

CTI 

CTI 

NPN-Si 

2N5854 

CTI 

2N4301 

NPN-Si 

2N5967 

CTI 

CTI 

NPN-Si 

2N5867, 

2N5867 

2N5867 

PNP-Si 

2N5968 

CTI 

CTI 

NPN-Si 

2N5868 

2N5868 

2N5868 

PNP-Si 

2N5969 

CTI 

CTI 

NPN-Si 

2N5869 

2N5869 

2N5869 

NPN-Si 

2N5970 

CTI 

CTI 

NPN-Si 

2N5870 

2N5870 

2N5870 

NPN-Si 

2N5971 

CTI 

CTI 

NPN-Si 

2N5871 

2N5871 

2N5871 

PNP-Si 

2N5972 

CTI 

CTI 

NPN-Si 

2N5872 

2N5872 

2N5872 

PNP-Si 

2N5973 

CTI 

CTI 

NPN-Si 

2N5873 

2N5873 

2N5873 

NPN-Si 

2N5974 


TIP34 

PNP-Si 

2N5874 

2N5874 

2N5874 

NPN-Si 

2N5975 


TIP34A 

PNP-Si 

2N5875 

2N5875 

2N5875 

PNP-Si 

2N5976 


TIP34B 

PNP-Si 

2N5876 

2N5876 

2N5876 

PNP-Si 

2N5977 


TIP33 

NPN-Si 

2N5877 

2N5877 

2N5877 

NPN-Si 

2N5978 


TIP33A 

NPN-Si 

2N5878 

2N5878 

2N5878 

NPN-Si 

2N5979 


TIP33B 

NPN-Si 

2N5879 

2N5879 

2N5879 

PNP-Si 

2N5980 


TIP34 

PNP-Si 

2N5880 

2N5880 

2N5880 

PNP-Si 

2N5981 


TIP34A 

PNP-Si 

2N5881 

2N5881 

2N5881 

NPN-Si 

2N5982 


TIP34B 

PNP-Si 

2N5882 

2N5882 

2 N 5882 

NPN-Si 

2N5983 


TIP33 

NPN-Si 

2N5883 

2N5883 

2N5883 

PNP-Si 

2N5984 


TIP33A 

NPN-Si 

2N5884 

2N5884 

2N5884 

PNP-Si 

2N5985 


TIP33B 

NPN-Si 

2N5885 

2N5885 

2N5885 

NPN-Si 

2N5986 


TIP36 

PNP-Si 

2N5886 

2N5886 

2N5886 

NPN-Si 

2N5987 


TIP36A 

PNP-Si 

2N5887 

CTI 

CTI 

PNP-Ge 

2N5988 


TIP36B 

PNP-Si 


CTI— Contact Texas Instruments. 
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Tl DIRECT 




Tl DIRECT 



TYPE 

REPLACEMENT 

FOR NEW DESIGN 

CLASS 

TYPE 

REPLACEMENT 

FOR NEW DESIGN 

CLASS 

2N5989 


T1P35 

NPN-Si 

2N6125 


TIP32A 

PNP-Si 

2N5990 


TIP35A 

NPN-Si 

2N6126 


TIP32B 

PNP-Si 

2N5991 


TIP35B 

NPN-Si 

2N6127 

2N6127 

2N6127 

PNP-Si 

2N6021 


TIP32B 

PNP-Si 

2N6128 

2N6128 

2N6128 

NPN-Si 

2N6022 


TIP32B 

PNP-Si 

2N6129 


TIP41 

NPN-Si 

2N6023 


TIP32 

PNP-Si 

2N6130 


TIP41A 

NPN-Si 

2N6024 


TIP32 

PNP-Si 

2N6131 


TIP41B 

NPN-Si 

2N6025 


TIP32A 

PNP-Si 

2N6132 


TIP42 

PNP-Si 

2N6026 


TIP32A 

PNP-Si 

2N6133 


TIP42A 

PNP-Si 

2N6032 

CTI 

CTI 

NPN-Si 

2N6134 


TIP42B 

PNP-Si 

2N6033 

CTI 

CTI 

NPN-Si 

2N6139 


TIC236B 

TRIAC 

2N6046 

CTI 

2N4002 

NPN-Si 

2N6140 


TIC236D 

TRIAC 

2N6047 

CTI 

2N4002 

NPN-Si 

2N6141 


CTI 

TRIAC 

2N6048 

CTI 

2N4002 

NPN-Si 

2N6142 


TIC236B 

TRIAC 

2N6049 

CTI 

CTI 

PNP-Si 

2N6143 


TIC236D 

TRIAC 

2N6060 

CTI 

2N4002 

NPN-Si 

2N6144 


CTI 

TRIAC 

2N6061 

CTI 

2N4002 

NPN-Si 

2N6148 


TIC236B 

TRIAC 

2N6062 

CTI 

2N4002 

NPN-Si 

2N6149 


TIC236D 

TRIAC 

2N6063 

CTI 

2N4002 

NPN-Si 

2N6150 


CTI 

TRIAC 

2N6064 

CTI 

CTI 

PNP-Ge 

2N6154 


TIC236B 

TRIAC 

2N6065 

CTI 

CTI 

PNP-Ge 

2N6155 


TIC236D 

TRIAC 

2N6066 

CTI 

CTI 

PNP-Ge 

2N6156 


CTI 

TRIAC 

2N6068 


TIC226B 

TRIAC 

2N6157 


TIC263B 

TRIAC 

2N6069 


TIC226B 

TRIAC 

2N6158 


TIC263D 

TRIAC 

2N6070 


TIC226A 

TRIAC 

2N6159 


TIC263M 

TRIAC 

2N6071 


TIC226B 

TRIAC 

2N6160 


TIC263B 

TRIAC 

2N6072 


TIC226D 

TRIAC 

2N6161 


TIC263D 

TRIAC 

2N6073 


TIC226D 

TRIAC 

2N6162 


TIC263M 

TRIAC 

2N6074 


TIC226M 

TRIAC 

2N6175 


TIP47 

NPN-Si 

2N6075 


TIC226M 

TRIAC 

2N6176 


TIP48 

NPN-Si 

2N6077 

CTI 

CTI 

NPN-Si 

2N6177 


TIP49 

NPN-Si 

2N6078 

CTI 

CTI 

NPN-Si 

2N6178 


TIP29B 

NPN-Si 

2N6079 

CTI 

CTI 

NPN-Si 

2N6179 


TIP29A 

NPN-Si 

2N6098 


TIP31A 

NPN-Si 

2N6180 


TIP30B 

PNP-Si 

2N6099 


TIP31A 

NPN-Si 

2N6181 


TIP30A 

PNP-Si 

2N6100 


TIP41B 

NPN-Si 

2N6182 

CTI 

2N5003 

PNP-Si 

2N6101 


TIP41B 

NPN-Si 

2N6183 

CTI 

2N5005 

PNP-Si 

2N6102 


TIP41 

NPN-Si 

2N6184 

CTI 

2N5003 

PNP-Si 

2N6103 


TIP41 

NPN-Si 

2N6185 

CTI 

2N5003 

PNP-Si 

2N6106 


TIP32B 

PNP-Si 

2N6186 

CTI 

2N5003 

PNP-Si 

2N6107 


TIP32B 

PNP-Si 

2N6187 

CTI 

2N5005 

PNP-Si 

2N6108 


TIP32A 

PNP-Si 

2N6188 

CTI 

2N5003 

PNP-Si 

2N6109 


TIP32A 

PNP-Si 

2N6189 

CTI 

2N5005 

PNP-Si 

2N6110 


TIP32 

PNP-Si 

2N6233 

CTI 

CTI 

NPN-Si 

2N6111 


TIP32 

PNP-Si 

2N6234 

CTI 

CTI 

NPN-Si 

2N6121 


TIP31 

NPN-Si 

2N6235 

CTI 

CTI 

NPN-Si 

2N6122 


TIP31A 

NPN-Si 

2N6236 


TIC106Y 

SCR 

2N6123 


TIP31B 

NPN-Si 

2N6237 


TIC106F 

SCR 

2N6124 


TIP32 

PNP-Si 

2N6238 


TIC106A 

SCR 


CTI— Contact Texas Instruments. 
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Tl DIRECT 




Tl DIRECT 



TYPE 

REPLACEMENT 

FOR NEW DESIGN 

CLASS 

TYPE 

REPLACEMENT 

FOR NEW DESIGN 

CLASS 

2N6239 


TIC106B 

SCR 

2N6288 


TIP41 

NPN-Si 

2N6240 


TIC106D 

SCR 

2N6289 


TIP41 

NPN-Si 

2N6241 


CTI 

SCR 

2N6290 


TIP41 

NPN-Si 

2N6246 

CTI 

2N5879 

PNP-Si 

2N6291 


TIP41 

NPN-Si 

2N6247 

CTI 

2N5880 

PNP-Si 

2N6292 


TIP41B 

NPN-Si 

2N6248 

CTI 

CTI 

PNP-Si 

2N6293 


TIP41B 

NPN-Si 

2N6249 

CTI 

CTI 

NPN-Si 

2N6322 

2N6322 

2N6322 

NPN-Si 

2N6250 

CTI 

CTI 

NPN-Si 

2N6323 

2N6323 

2N6323 

NPN-Si 

2N6251 

CTI 

CTI 

NPN-Si 

2N6324 

2N6324 

2N6324 

NPN-Si 

2N6253 

CTI 

2N3713 

NPN-Si 

2N6325 

2N6325 

2N6325 

NPN-Si 

2N6254 

CTI 

2N3713 

NPN-Si 

2N6326 

2N6326 

2N6326 

NPN-Si 

2N6257 

CTI 

CTI 

NPN-Si 

2N6327 

2N6327 

2N6327 

NPN-Si 

2N6258 

CTI 

CTI 

NPN-Si 

2N6328 

2N6328 

2N6328 

NPN-Si 

2N6259 

CTI 

CTI 

NPN-Si 

2N6329 

2N6329 

2N6329 

PNP-Si 

2N6260* 

CTI 

CTI 

NPN-Si 

2N6330 

2N6330 

2N6330 

PNP-Si 

2N6261 * 

CTI 

CTI 

NPN-Si 

2N6331 

2N6331 

2N6331 

PNP-Si 

2N6262 

CTI 

2N5885 

NPN-Si 

2N6332 

2N6332 

2N6332 

SCR 

2N6263 

CTI 

CTI 

NPN-Si 

2N6333 

2N6333 

2N6333 

SCR 

2N6264 

CTI 

CTI 

NPN-Si 

2N6334 

2N6334 

2N6334 

SCR 

2N6270 

2N6270 

2N6270 

NPN-Si 

2N6335 

2N6335 

2N6335 

SCR 

2N6271 

2N6271 

2N6271 

NPN-Si 

2N6336 

2N6336 

2N6336 

SCR 

2N6272 

2N6272 

2N6272 

NPN-Si 

2N6337 

2N6337 

2N6337 

SCR 

2N6273 

2N6273 

2N6273 

NPN-Si 






* Asterisk denotes 2N numbers not JEDEC registered through December 1970. 
CTI— Contact Texas Instruments. 
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KEY TO MANUFACTURERS 

ECC— Electronic Control Corporation RCA-Radio Corporation of America 

FSC— Fairchild Semiconductor Corporation SOD— Solitron Devices, Incorporated 

GE— General Electric Company TEC— Transitron Electronic Corporation 

M OTA— Motorola Semiconductor Products, Incorporated UNI— Unitrode Corporation 


TYPE 

MANUFACTURER 

FOR NEW DESIGN 

CLASS 

TYPE 

MANUFACTURER 

FOR NEW DESIGN 

CLASS 

40250 

RCA 

TIP31 

NPN-Si 

40531 

RCA 

TIC205A 

TRIAC 

40251 

RCA 

2N5881 

NPN-Si 

40532 

RCA 

TIC205B 

TRIAC 

40310 

RCA 

TIP31 

NPN-Si 

40533 

RCA 

TIC106B 

SCR 

40312 

RCA 

TIP31A 

NPN-Si 

40534 

RCA 

TIC205A 

TRIAC 

40313 

RCA 

TIP48 

NPN-Si 

40535 

RCA 

TIC205B 

TRIAC 

40316 

RCA 

TIP31 

NPN-Si 

40536 

RCA 

TIC205D 

TRIAC 

40318 

RCA 

TIP48 

NPN-Si 

40553 

RCA 

TIC116B 

SCR 

40322 

RCA 

TIP48 

NPN-Si 

40554 

RCA 

TIC106D 

SCR 

40324 

RCA 

TIP31 

NPN-Si 

40575 

RCA 

TIC246B 

TRIAC 

40325 

RCA 

2N5877 

NPN-Si 

40576 

RCA 

TIC246D 

TRIAC 

40328 

RCA 

TIP48 

NPN-Si 

40613 

RCA 

T1P31 

NPN-Si 

40363 

RCA 

2N5877 

NPN-Si 

40618 

RCA 

TIP31 

NPN-Si 

40364 

RCA 

TIP31A 

NPN-Si 

40621 

RCA 

TIP31 

NPN-Si 

40369 

RCA 

2N3713 

NPN-Si 

40622 

RCA 

TIP31 

NPN-Si 

40372 

RCA 

TIP31A 

NPN-Si 

40624 

RCA 

TIP41 

NPN-Si 

40374 

RCA 

TIP47 

NPN-Si 

40627 

RCA 

TIP41A 

NPN-Si 

40375 

RCA 

TIP31A 

NPN-Si 

40629 

RCA 

TIP31 

NPN-Si 

40378 

RCA 

TIC106B 

SCR 

40630 

RCA 

TIP31 

NPN-Si 

40379 

RCA 

TIC116D 

SCR 

40631 

RCA 

TIP31 

NPN-Si 

40411 

RCA 

2N5878 

NPN-Si 

40632 

RCA 

TIP41A 

NPN-Si 

40429 

RCA 

TIC226B 

TRIAC 

40633 

RCA 

TIP33A 

NPN-Si 

40430 

RCA 

TIC226D 

TRIAC 

40636 

RCA 

2N 5878 

NPN-Si 

40431 

RCA 

TIC226B 

TRIAC 

40638 

RCA 

TIC226B 

TRIAC 

40432 

RCA 

TIC226D 

TRIAC 

40654 

RCA 

TIC116B 

SCR 

40433 

RCA 

TIP48 

NPN-Si 

40655 

RCA 

TIC116D 

SCR 

40464 

RCA 

2N3715 

NPN-Si 

40656 

RCA 

TIC116B 

SCR 

40465 

RCA 

2N3715 

NPN-Si 

40657 

RCA 

TIC116D 

SCR 

40466 

RCA 

2N3715 

NPN-Si 

40658 

RCA 

TIC116B 

SCR 

40485 

RCA 

TIC226B 

TRIAC 

40659 

RCA 

TIC116D 

SCR 

40486 

RCA 

TIC226D 

TRIAC 

40664 

RCA 

TIC216D 

TRIAC 

40502 

RCA 

TIC226B 

TRIAC 

40667 

RCA 

TIC216D 

TRIAC 

40503 

RCA 

TIC226D 

TRIAC 

40668 

RCA 

TIC226B 

TRIAC 

40504 

RCA 

TIC106B 

SCR 

40669 

RCA 

TIC226D 

TRIAC 

40505 

RCA 

TIC106D 

SCR 

40684 

RCA 

TIC205A 

TRIAC 

40507 

RCA 

TIC106B 

SCR 

40685 

RCA 

TIC205B 

TRIAC 

40508 

RCA 

TIC116D 

SCR 

40686 

RCA 

TIC205D 

TRIAC 

40509 

RCA 

TIC226B 

TRIAC 

40691 

RCA 

TIC215B 

TRIAC 

40511 

RCA 

TIC226B 

TRIAC 

40692 

RCA 

TIC205D 

TRIAC 

40512 

RCA 

TIC226D 

TRIAC 

40693 

RCA 

TIC205A 

TRIAC 

40513 

RCA 

TIP33 

NPN-Si 

40694 

RCA 

TIC205B 

TRIAC 

40514 

RCA 

TIP33 

NPN-Si 

40696 

RCA 

TIC205A 

TRIAC 

40526 

RCA 

TIC205B 

TRIAC 

40697 

RCA 

TIC205B 

TRIAC 

40529 

RCA 

TIC205B 

TRIAC 

40698 

RCA 

TIC205D 

TRIAC 
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TYPE 

MANUFACTURER 

FOR NEW DESIGN 

CLASS 

TYPE 

MANUFACTURER 

FOR NEW DESIGN 

CLASS 

40711 

RCA 

TIC246B 

TRIAC 

40803 

RCA 

TIC246D 

TRIAC 

40712 

RCA 

TIC246D 

TRIAC 

40804 

RCA 

TIC253M 

TRIAC 

40713 

RCA 

TIC246B 

TRIAC 

40807 

RCA 

TIC253M 

TRIAC 

40714 

RCA 

TIC246D 

TRIAC 

40810 

RCA 

2N1595 

SCR 

40715 

RCA 

TIC246B 

TRIAC 

40811 

RCA 

2N1597 

SCR 

40716 

RCA 

TIC246D 

TRIAC 

40812 

RCA 

2N1599 

SCR 

40717 

RCA 

TIC236B 

TRIAC 

40816 

RCA 

TIP41 

NPN-Si 

40718 

RCA 

TIC236D 

TRIAC 

40829 

RCA 

TIP32B 

PNP-Si 

40719 

RCA 

TIC236B 

TRIAC 

40830 

RCA 

TIP32A 

PNP-Si 

40720 

RCA 

TIC236D 

TRIAC 

40831 

RCA 

TIP32 

PNP-Si 

40721 

RCA 

TIC226B 

TRIAC 

40840 

RCA 

TIP52+ 

NPN-Si 

40722 

RCA 

TIC226D 

TRIAC 

40850 

RCA 

TIP48 

NPN-Si 

40723 

RCA 

TIC216D 

TRIAC 

40851 

RCA 

TIP49 

NPN-Si 

40725 

RCA 

TIC226B 

TRIAC 

40852 

RCA 

TIP53+ 

NPN-Si 

40726 

RCA 

TIC216D 

TRIAC 

40853 

RCA 

TIP53* 

NPN-Si 

40727 

RCA 

TIC226B 

TRIAC 

40867 

RCA 

TIC116B 

SCR 

40728 

RCA 

TIC226D 

TRIAC 

40868 

RCA 

TJC116B 

SCR 

40729 

RCA 

TIC226B 

TRIAC 

40869 

RCA 

TIC116D 

SCR 

40731 

RCA 

TIC205B 

TRIAC 

40872 

RCA 

TIP32C 

PNP-Si 

40733 

RCA 

TIC226B 

TRIAC 

40874 

RCA 

TIP32B 

PNP-Si 

40737 

RCA 

TIC116A 

SCR 

40876 

RCA 

TIP32A 

PNP-Si 

40738 

RCA 

TIC116B 

SCR 

40884 

RCA 

TIP41A 

NPN-Si 

40739 

RCA 

TIC126D 

SCR 

A01001 

ECC 

TIC206B 

TRIAC 

40740 

RCA 

TIC126M 

SCR 

A0 1002 

ECC 

TIC206B 

TRIAC 

40741 

RCA 

TIC116A 

SCR 

A0 1003 

ECC 

TIC206D 

TRIAC 

40742 

RCA 

TIC116B 

SCR 

A01004 

ECC 

TIC206D 

TRIAC 

40743 

RCA 

TIC126D 

SCR 

A01021 

ECC 

TIC216B 

TRIAC 

40744 

RCA 

TIC126M 

SCR 

A01022 

ECC 

TIC216D 

TRIAC 

40745 

RCA 

TIC116A 

SCR 

A01061 

ECC 

TIC226B 

TRIAC 

40746 

RCA 

TIC116B 

SCR 

A0 1062 

ECC 

TIC226D 

TRIAC 

40747 

RCA 

TIC126D 

SCR 

A01101 

ECC 

TIC236B 

TRIAC 

40748 

RCA 

TIC126M 

SCR 

A01102 

ECC 

TIC236D 

TRIAC 

40761 

RCA 

TIC215B 

TRIAC 

A01141 

ECC 

TIC246B 

TRIAC 

40773 

RCA 

TIC205B 

TRIAC 

A01142 

ECC 

TIC246D 

TRIAC 

40774 

RCA 

TIC205D 

TRIAC 

A011S1 

ECC 

TIC253B 

(TRIAC 

40775 

RCA 

TIC216B 

TRIAC 

A01182 

ECC 

TIC253D 

TRIAC 

40776 

RCA 

TIC226D 

TRIAC 

A03001 

ECC 

TIC206B 

TRIAC 

40778 

RCA 

TIC226D 

TRIAC 

A03002 

ECC 

TIC206B 

TRIAC 

40779 

RCA 

TIC236B 

TRIAC 

A 03003 

ECC 

TIC206D 

TRIAC 

40780 

RCA 

TIC236D 

TRIAC 

A 03004 

ECC 

TIC206D 

TRIAC 

40781 

RCA 

TIC236B 

TRIAC 

AA100 

UNI 

2N3002 

SCR 

40782 

RCA 

TIC236D 

TRIAC 

AA101 

UNI 

2N3003 

SCR 

40783 

RCA 

TIC246B 

TRIAC 

AA103 

UNI 

2N1598 

SCR 

40784 

RCA 

TIC246D 

TRIAC 

AA107 

UNI 

2N3002 

SCR 

40785 

RCA 

TIC246B 

TRIAC 

AA108 

UNI 

TIC39A 

SCR 

40786 

RCA 

TIC246D 

TRIAC 

AA110 

UNI 

2N1598 

SCR 

40797 

RCA 

TIC253M 

TRIAC 

AA114 

UNI 

2N3002 

SCR 

40798 

RCA 

TIC253M 

TRIAC 

AA115 

UNI 

2N3007 

SCR 

40799 

RCA 

TIC236B 

TRIAC 

AA117 

UNI 

2N1598 

SCR 

40802 

RCA 

TIC246B 

TRIAC 

AD100 

UNI 

TIC39F 

SCR 


Refer to page 2-17 for key to manufacturers. 
^Contact Texas Instruments for direct replacement. 
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AD101 

UNI 

TIC39A 

SCR 

B04025 

ECC 

TIC106D 

SCR 

AD 103 

UNI 

TIC106C 

SCR 

B 04026 

ECC 

TIC106D 

SCR 

ADI 07 

UNI 

TIC39F 

SCR 

B05001 

ECC 

TIC116B 

SCR 

ADI 08 

UNI 

TIC39A 

SCR 

B05002 

ECC 

TIC116B 

SCR 

AD1 10 

UNI 

2N1598 

SCR 

B05003 

ECC 

TIC116D 

SCR 

AD1 11 

UNI 

TIC106D 

SCR 

B05004 

ECC 

TIC116D 

SCR 

AD1 14 

UNI 

TIC39F 

SCR 

B05005 

ECC 

TIC116M 

SCR 

AD1 15 

UNI 

TIC39A 

SCR 

B05006 

ECC 

TIC116M 

SCR 

AD1 17 

UNI 

2N1598 

SCR 

B05021 

ECC 

TIC126B 

SCR 

AD1 18 

UNI 

TIC106D 

SCR 

B05022 

ECC 

TIC126B 

SCR 

B01021 

ECC 

TIC106B 

SCR 

B05023 

ECC 

TIC126D 

SCR 

B01022 

ECC 

TIC106B 

SCR 

B05024 

ECC 

TIC126D 

SCR 

B01023 

ECC 

TIC106B 

SCR 

B05025 

ECC 

TIC126M 

SCR 

B01024 

ECC 

TIC106D 

SCR 

B05026 

ECC 

TIC126M 

SCR 

B01025 

ECC 

TIC106D 

SCR 

B05041 

ECC 

TIC126B 

SCR 

B01026 

ECC 

TIC106D 

SCR 

B05042 

ECC 

TIC126B 

SCR 

B01051 

ECC 

TIC116B 

SCR 

B05043 

ECC 

TIC126D 

SCR 

B01052 

ECC 

TIC116B 

SCR 

B05044 

ECC 

TIC126D 

SCR 

B01053 

ECC 

TIC116D 

SCR 

B05045 

ECC 

TIC126M 

SCR 

B01054 

ECC 

TIC116D 

SCR 

B 05046 

ECC 

TIC126M 

SCR 

B01055 

ECC 

TIC116M 

SCR 

B150 

UNI 

2N3005 

SCR 

B01056 

ECC 

TIC116M 

SCR 

B151 

UNI 

2N3006 

SCR 

B01071 

ECC 

TIC126B 

SCR 

B152 

UNI 

2N3007 

SCR 

B01072 

ECC 

TIC126B 

SCR 

BA1 50* 

UNI 

2N3005 

SCR 

B01073 

ECC 

TIC126D 

SCR 

BA151* 

UNI 

2N3006 

SCR 

B01074 

ECC 

TIC126D 

SCR 

BA152* 

UNI 

2N3007 

SCR 

B01075 

ECC 

TIC126M 

SCR 

BD100* 

UNI 

2N3005 

SCR 

B01076 

ECC 

TIC126M 

SCR 

BD101* 

UNI 

2N3006 

SCR 

B01091 

ECC 

TIC126B 

SCR 

BD102* 

UNI 

2N3007 

SCR 

B01092 

ECC 

TIC126B 

SCR 

BTD0105 

TEC 

TIC205A 

TRIAC 

B01093 

ECC 

TIC126D 

SCR 

BTD0110 

TEC 

TIC205A 

TRIAC 

B01094 

ECC 

TIC126D 

SCR 

BTD0120 

TEC 

TIC205B 

TRIAC 

B01095 

ECC 

TIC126M 

SCR 

BTD0130 

TEC 

TIC205D 

TRIAC 

B01096 

ECC 

TIC126M 

SCR 

BTD0140 

TEC 

TIC205D 

TRIAC 

B03001 

ECC 

TIC106B 

SCR 

BTD0150 

TEC 

CTI 

TRIAC 

B03002 

ECC 

TIC106B 

SCR 

BTD0160 

TEC 

CTI 

TRIAC 

B03003 

ECC 

TIC106B 

SCR 

BTD0205 

TEC 

TIC205A 

TRIAC 

B 03004 

ECC 

TIC106D 

SCR 

BTD0210 

TEC 

TIC205A 

TRIAC 

B03005 

ECC 

TIC106D 

SCR 

BTD0220 

TEC 

TIC205B 

TRIAC 

B 03006 

ECC 

TIC106D 

SCR 

BTD0230 

TEC 

TIC205D 

TRIAC 

B04001 

ECC 

TIC39B 

SCR 

BTD0240 

TEC 

TIC205D 

TRIAC 

B 04002 

ECC 

TIC39B 

SCR 

BTD0250 

TEC 

CTI 

TRIAC 

B04003 

ECC 

TIC39B 

SCR 

BTD0260 

TEC 

CTI 

TRIAC 

B04004 

ECC 

TIC39D 

SCR 

BTR0205 

TEC 

TIC206A 

TRIAC 

B04005 

ECC 

TIC39D 

SCR 

BTR0210 

TEC 

TIC206A 

TRIAC 

B 04006 

ECC 

TIC39D 

SCR 

BTR0220 

TEC 

TIC206B 

TRIAC 

B04021 

ECC 

TIC106B 

SCR 

BTR0230 

TEC 

TIC206D 

TRIAC 

B04022 

ECC 

TIC106B 

SCR 

BTR0240 

TEC 

TIC206D 

TRIAC 

B04023 

ECC 

TIC106B 

SCR 

BTR0250 

TEC 

CTI 

TRIAC 

B 04024 

ECC 

TIC106D 

SCR 

BTR0260 

TEC 

CTI 

TRIAC 


Refer to page 2-17 for key to manufacturers. 

*These are the designations of the indicated manufacturer and should not be confused with Pro Electron designations. 
CTI— Contact Texas Instruments. 
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TYPE 

MANUFACTURER 

FOR NEW DESIGN 

CLASS 

TYPE 

MANUFACTURER 

FOR NEW DESIGN 

CLASS 

BTR0305 

TEC 

TIC206A 

TRIAC 

BTU0410 

TEC 

TIC226B 

TRIAC 

BTR0310 

TEC 

TIC206A 

TRIAC 

BTU0420 

TEC 

TIC226B 

TRIAC 

BTR0320 

TEC 

TIC206B 

TRIAC 

BTU0430 

TEC 

TIC226D 

TRIAC 

BTR0330 

TEC 

TIC206D 

TRIAC 

BTU0440 

TEC 

TIC226D 

TRIAC 

BTR0340 

TEC 

TIC206D 

TRIAC 

BTU0450 

TEC 

CTI 

TRIAC 

BTR0350 

TEC 

CTI 

TRIAC 

BTU0460 

TEC 

CTI 

TRIAC 

BTR0360 

TEC 

CTI 

TRIAC 

BTU0505 

TEC 

TIC236B 

TRIAC 

BTR0405 

TEC 

TIC206A 

TRIAC 

BTU0510 

TEC 

TIC236B 

TRIAC 

BTR0410 

TEC 

TIC206A 

TRIAC 

BTU0520 

TEC 

TIC236B 

TRIAC 

BTR0420 

TEC 

TIC206B 

TRIAC 

BTU0530 

TEC 

TIC236D 

TRIAC 

BTR0430 

TEC 

TIC206D 

TRIAC 

BTU0540 

TEC 

TIC236D 

TRIAC 

BTR0440 

TEC 

TIC205D 

TRIAC 

BTU0560 

TEC 

CTI 

TRIAC 

BTR0450 

TEC 

CTI 

TRIAC 

BTU0605 

TEC 

TIC246B 

TRIAC 

BTR0460 

TEC 

CTI 

TRIAC 

BTU0610 

TEC 

TIC246B 

TRIAC 

BTS0205 

TEC 

TIC216A 

TRIAC 

BTU0620 

TEC 

TIC246B 

TRIAC 

BTS0210 

TEC 

TIC216A 

TRIAC 

BTU0630 

TEC 

TIC246D 

TRIAC 

BTS0220 

TEC 

TIC216B 

TRIAC 

BTU0640 

TEC 

TIC246D 

TRIAC 

BTS0230 

TEC 

TIC216D 

TRIAC 

BTU0650 

TEC 

CTI 

TRIAC 

BTS0240 

TEC 

TIC216D 

TRIAC 

BTU0660 

TEC 

CTI 

TRIAC 

BTS0250 

TEC 

CTI 

TRIAC 

C5A 

GE 

2N1596 

SCR 

BTS0260 

TEC 

CTI 

TRIAC 

C5B 

GE 

2N1597 

SCR 

BTS0305 

TEC 

TIC226B 

TRIAC 

C5D 

GE 

2N1599 

SCR 

BTS0310 

TEC 

TIC226B 

TRIAC 

C5F 

GE 

2N1595 

SCR 

BTS0320 

TEC 

TIC226B 

TRIAC 

C5G 

GE 

2N1597 

SCR 

BTS0330 

TEC 

TIC226D 

TRIAC 

C5H 

GE 

2N1598 

SCR 

BTS0340 

TEC 

TIC226D 

TRIAC 

C5U 

GE 

2N1595 

SCR 

BTS0350 

TEC 

CTI 

TRIAC 

C6A 

GE 

2N1596 

SCR 

BTS0360 

TEC 

CTI 

TRIAC 

C6B 

GE 

2N1597 

SCR 

BTS0405 

TEC 

TIC226B 

TRIAC 

C6F 

GE 

2N1595 

SCR 

BTS0410 

TEC 

TIC226B 

TRIAC 

C6G 

GE 

2N1597 

SCR 

BTS0420 

TEC 

TIC226B 

TRIAC 

C6U 

GE 

2N1595 

SCR 

BTS0430 

TEC 

TIC226D 

TRIAC 

C10A 

GE 

TIC116A 

SCR 

BTS0440 

TEC 

TIC226D 

TRIAC 

Cl OB 

GE 

TIC116B 

SCR 

BTS0450 

TEC 

CTI 

TRIAC 

C10C 

GE 

TIC116C 

SCR 

BTS0460 

TEC 

CTI 

TRIAC 

C10D 

GE 

TIC116D 

SCR 

BTS0505 

TEC 

TIC236B 

TRIAC 

Cl OF 

GE 

TIC116F 

SCR 

BTS0510 

TEC 

TIC236B 

TRIAC 

C10G 

GE 

TIC116B 

SCR 

BTS0520 

TEC 

TIC236B 

TRIAC 

Cl OH 

GE 

TIC116C 

SCR 

BTS0530 

TEC 

TIC236D 

TRIAC 

C10U 

GE 

TIC116F 

SCR 

BTS0540 

TEC 

TIC236D 

TRIAC 

Cl 1 A 

GE 

TIC116A 

SCR 

BTS0550 

TEC 

CTI 

TRIAC 

Cl IB 

GE 

TIC116B 

SCR 

BTS0560 

TEC 

CTI 

TRIAC 

C11C 

GE 

TIC116C 

SCR 

BTU0305 

TEC 

TIC226B 

TRIAC 

Cl ID 

GE 

TIC116D 

SCR 

BTU0310 

TEC 

TIC226B 

TRIAC 

cue 

GE 

TIC116E 

SCR 

BTU0320 

TEC 

TIC226B 

TRIAC 

Cl IF 

GE 

TIC116F 

SCR 

BTU0330 

TEC 

TIC226D 

TRIAC 

C11G 

GE 

TIC116B 

SCR 

BTU0340 

TEC 

TIC226D 

TRIAC 

C11H 

GE 

TIC116C 

SCR 

BTU0350 

TEC 

CTI 

TRIAC 

C11M 

GE 

TIC116M 

SCR 

BTU0360 

TEC 

CTI 

TRIAC 

C11U 

GE 

TIC116F 

SCR 

BTU0405 

TEC 

TIC226B 

TRIAC 

C12A 

GE 

TIC116A 

SCR 


Refer to page 2-17 for key to manufacturers. 
CTI— Contact Texas Instruments. 
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TYPE 

MANUFACTURER 

FOR NEW DESIGN 

CLASS 

TYPE 

MANUFACTURER 

FOR NEW DESIGN 

CLASS 

C12B 

GE 

TIC116B 

SCR 

C122E 

GE 

TIC116E 

SCR 

C12C 

GE 

TIC116C 

SCR 

C122F 

GE 

TIC116F 

SCR 

C12D 

GE 

TIC116D 

SCR 

C220A 

GE 

TIC126A 

SCR 

C12F 

GE 

TIC116F 

SCR 

C220B 

GE 

TIC126B 

SCR 

C12G 

GE 

TIC116B 

SCR 

C220C 

GE 

TIC126C 

SCR 

C12H 

GE 

TIC116C 

SCR 

C220D 

GE 

TIC126D 

SCR 

C12U 

GE 

TIC116F 

SCR 

C220E 

GE 

TIC126E 

SCR 

C15A 

GE 

TIC116A 

SCR 

C220F 

GE 

TIC126F 

SCR 

C15B 

GE 

TIC116B 

SCR 

C220U 

GE 

TIC126F 

SCR 

C15C 

GE 

TIC116C 

SCR 

C222A 

GE 

TIC 126 A 

SCR 

C15D 

GE 

TIC116D 

SCR 

C222B 

GE 

TIC126B 

SCR 

C15E 

GE 

TIC116E 

SCR 

C222C 

GE 

TIC126C 

SCR 

C15F 

GE 

TIC116F 

SCR 

C222D 

GE 

TIC126D 

SCR 

C15G 

GE 

TIC116B 

SCR 

C222E 

GE 

TIC126E 

SCR 

C15M 

GE 

TIC116M 

SCR 

C222F 

GE 

TIC126F 

SCR 

C15U 

GE 

TIC116F 

SCR 

C222U 

GE 

TIC126F 

SCR 

C20A 

GE 

TIC116A 

SCR 

C611A 

GE 

2N1596 

SCR 

C20B 

GE 

TIC116B 

SCR 

C611B 

GE 

2N1597 

SCR 

C20C 

GE 

TIC116C 

SCR 

C611F 

GE 

2N1595 

SCR 

C20D 

GE 

TIC116D 

SCR 

C611G 

GE 

2N1597 

SCR 

C20F 

GE 

TIC116F 

SCR 

C611U 

GE 

2N1595 

SCR 

C20U 

GE 

TIC116F 

SCR 

CB200 

UNI 

2N3005 

SCR 

C22A 

GE 

TIC116A 

SCR 

CB201 

UNI 

2N3006 

SCR 

C22B 

GE 

TIC116B 

SCR 

CB202 

UNI 

2N3007 

SCR 

C22C 

GE 

TIC116C 

SCR 

CB203 

UNI 

2N3008 

SCR 

C22D 

GE 

TIC116D 

SCR 

CD200 

UNI 

TIC39Y 

SCR 

C22F 

GE 

TIC116F 

SCR 

CD201 

UNI 

TIC39A 

SCR 

C22U 

GE 

TIC116F 

SCR 

CD202 

UNI 

TIC39A 

SCR 

Cl 03 A 

GE 

TIC46 

SCR 

CD203 

UNI 

TIC39B 

SCR 

C103B 

GE 

TIC47 

SCR 

CM 100 

UNI 

TIC106A 

SCR 

C103Y 

GE 

TIC44 

SCR 

CM101 

UNI 

TIC106A 

SCR 

C103YY 

GE 

TIC45 

SCR 

CM 102 

UNI 

TIC106B 

SCR 

C106A 

GE 

TIC 106 A 

SCR 

CM 103 

UNI 

TIC106C 

SCR 

C106B 

GE 

TIC106B 

SCR 

CM 104 

UNI 

TIC106D 

SCR 

C106C 

GE 

TIC106C 

SCR 

CM106 

UNI 

TIC106A 

SCR 

C106D 

GE 

TIC106D 

SCR 

CM 107 

UNI 

TIC106A 

SCR 

C106F 

GE 

TIC106F 

SCR 

CM 108 

UNI 

TIC106B 

SCR 

C106Q 

GE 

TIC106Y 

SCR 

CM 109 

UNI 

TIC106C 

SCR 

C106Y 

GE 

TIC106Y 

SCR 

CM110 

UNI 

TIC106D 

SCR 

Cl 07 A 

GE 

TIC106A 

SCR 

D40D1 

GE 

TIP29 

NPN-Si 

C107B 

GE 

TIC106B 

SCR 

D40D2 

GE 

TIP29 

NPN-Si 

C107C 

GE 

TIC106C 

SCR 

D40D4 

GE 

TIP29 

NPN-Si 

C107D 

GE 

TIC106D 

SCR 

D40D5 

GE 

TIP29 

NPN-Si 

C107F 

GE 

TIC106F 

SCR 

D40D7 

GE 

TIP29A 

NPN-Si 

C107Q 

GE 

TIC106Y 

SCR 

D40D8 

GE 

TIP29A 

NPN-Si 

C107Y 

GE 

TIC106Y 

SCR 

D40D10 

GE 

TIP29B 

NPN-Si 

Cl 22 A 

GE 

TIC116A 

SCR 

D40D11 

GE 

TIP29B 

NPN-Si 

C122B 

GE 

TIC116B 

SCR 

D40N1 

GE 

TIP47 

NPN-Si 

C122C 

GE 

TIC116C 

SCR 

D40N2 

GE 

TIP47 

NPN-Si 

C122D 

GE 

TIC116D 

SCR 

D40N3 

GE 

TIP48 

NPN-Si 


Refer to page 2-17 for key to manufacturers. 
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CROSS-REFERENCE GUIDE 


TYPE 

MANUFACTURER 

FOR NEW DESIGN 

CLASS 

TYPE 

MANUFACTURER 

FOR NEW DESIGN 

CLASS 

D40N4 

GE 

TIP48 

NPN-Si 

D44H8 

GE 

TIP41A 

NPN-Si 

D40P1 

GE 

TIP47 

NPN-Si 

D44H10 

GE 

TIP41B 

NPN-Si 

D40P3 

GE 

TIP47 

NPN-Si 

D44H11 

GE 

TIP41B 

NPN-Si 

D40P5 

GE 

TIP47 

NPN-Si 

D44R1 

GE 

TIP47 

NPN-Si 

D41D1 

GE 

TIP30 

PNP-Si 

D44R2 

GE 

TIP47 

NPN-Si 

D41D2 

GE 

TIP30 

PNP-Si 

D44R3 

GE 

TIP48 

NPN-Si 

D41D4 

GE 

TIP30 

PNP-Si 

D44R4 

GE 

TIP48 

NPN-Si 

D41D5 

GE 

TIP30 

PNP-Si 

D45C1 

GE 

TIP32 

PNP-Si 

D41D7 

GE 

TIP30A 

PNP-Si 

D45C2 

GE 

TIP32 

PNP-Si 

D41D8 

GE 

TIP30A 

PNP-Si 

D45C3 

GE 

TIP32 

PNP-Si 

D41D10 

GE 

TIP30B 

PNP-Si 

D45C4 

GE 

TIP32 

PNP-Si 

D41D11 

GE 

TIP30B 

PNP-Si 

D45C5 

GE 

TIP32 

PNP-Si 

D42C1 

GE 

TIP31 

NPN-Si 

D45C6 

GE 

TIP32 

PNP-Si 

D42C2 

GE 

TIP31 

NPN-Si 

D45C7 

GE 

TIP32A 

PNP-Si 

D42C3 

GE 

TIP31 

NPN-Si 

D45C8 

GE 

TIP32A 

PNP-Si 

D42C4 

GE 

TIP31 

NPN-Si 

D45C9 

GE 

TIP32A 

PNP-Si 

D42C5 

GE 

TIP31 

NPN-Si 

D45C10 

GE 

TIP32B 

PNP-Si 

D42C6 

GE 

TIP31 

NPN-Si 

D45C1 1 

GE 

TIP32B 

PNP-Si 

D42C7 

GE 

TIP31A 

NPN-Si 

D45H1 

GE 

TIP42 

PNP-Si 

D42C8 

GE 

TIP31A 

NPN-Si 

D45H2 

GE 

TIP42 

PNP-Si 

D42C9 

GE 

TIP31A 

NPN-Si 

D45H4 

GE 

TIP42 

PNP-Si 

D42C10 

GE 

TIP31B 

NPN-Si 

D45H5 

GE 

TIP42 

PNP-Si 

D42C1 1 

GE 

TIP31B 

NPN-Si 

D45H7 

GE 

TIP42A 

PNP-Si 

D43C1 

GE 

TIP32 

PNP-Si 

D45H8 

GE 

TIP42A 

PNP-Si 

D43C2 

GE 

TIP32 

PNP-Si 

D45H10 

GE 

TIP42B 

PNP-Si 

D43C3 

GE 

TIP32 

PNP-Si 

D45H11 

GE 

TIP42B 

PNP-Si 

D43C4 

GE 

TIP32 

PNP-Si 

FT1869 

FSC 

TIC39Y 

SCR 

D43C5 

GE 

TIP32 

PNP-Si 

FT2009 

FSC 

TIC39Y 

SCR 

D43C6 

GE 

TIP32 

PNP-Si 

FT2010 

FSC 

TIC39Y 

SCR 

D43C7 

GE 

TIP32A 

PNP-Si 

GA200 

UNI 

TIC45 

SCR 

D43C8 

GE 

TIP32A 

PNP-Si 

GA200A 

UNI 

TIC45 

SCR 

D43C9 

GE 

TIP32A 

PNP-Si 

GA201 

UNI 

TIC39A 

SCR 

D43C10 

GE 

TIP32B 

PNP-Si 

GA201A 

UNI 

TIC39A 

SCR 

D43C1 1 

GE 

TIP32B 

PNP-Si 

GA300 

UNI 

TIC45 

SCR 

D44C1 

GE 

TIP31 

NPN-Si 

GA300A 

UNI 

TIC45 

SCR 

D44C2 

GE 

TIP31 

NPN-Si 

GA301 

UNI 

TIC39A 

SCR 

D44C3 

GE 

TIP31 

NPN-Si 

GA301A 

UNI 

TIC39A 

SCR 

D44C4 

GE 

TIP31 

NPN-Si 

GB200 

UNI 

TIC116A 

SCR 

D44C5 

GE 

TIP31 

NPN-Si 

GB200A 

UNI 

TIC116A 

SCR 

D44C6 

GE 

TIP31 

NPN-Si 

GB300 

UNI 

TIC106A 

SCR 

D44C7 

GE 

TIP31A 

NPN-Si 

GB300A 

UNI 

TIC106A 

SCR 

D44C8 

GE 

TIP31A 

NPN-Si 

HR878 

UNI 

2N3006 

SCR 

D44C9 

GE 

TIP31A 

NPN-Si 

HR878A 

UNI 

2N3002 

SCR 

D44C10 

GE 

TIP31B 

NPN-Si 

HR879A 

UNI 

TIC39A 

SCR 

D44C1 1 

GE 

TIP31B 

NPN-Si 

HR879B 

UNI 

TIC39A 

SCR 

D44H1 

GE 

TIP41 

NPN-Si 

HR 3028 

UNI 

TIC46 

SCR 

D44H2 

GE 

TIP41 

NPN-Si 

HR 3029 

UNI 

TIC39A 

SCR 

D44H4 

GE 

TIP41 

NPN-Si 

HR3031 

UNI 

TIC46 

SCR 

D44H5 

GE 

TIP41 

NPN-Si 

HR3032 

UNI 

TIC39A 

SCR 

D44H7 

GE 

TIP41A 

NPN-Si 

MAC1-1 

MOTA 

TIC226B 

TRIAC 


Refer to page 2-17 for key to manufacturers. 
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TYPE 

MANUFACTURER 

FOR NEW DESIGN 

CLASS 

TYPE 

MANUFACTURER 

FOR NEW DESIGN 

CLASS 

MAC1-2 

MOTA 

TIC226B 

TRIAC 

MAC7-4 

MOTA 

TIC226B 

TRIAC 

MAC1-3 

MOTA 

T1C226B 

TRIAC 

MAC7-5 

MOTA 

TIC226D 

TRIAC 

MAC 1-4 

MOTA 

TIC226B 

TRIAC 

MAC7-6 

MOTA 

TIC226D 

TRIAC 

MAC1-5 

MOTA 

TIC226D 

TRIAC 

MAC7-7 

MOTA 

CTI 

TRIAC 

MAC1-6 

MOTA 

TIC226D 

TRIAC 

MAC7-8 

MOTA 

CTI 

TRIAC 

MAC1-7 

MOTA 

CTI 

TRIAC 

MAC8-1 

MOTA 

TIC226B 

TRIAC 

MAC1-8 

MOTA 

CTI 

TRIAC 

MAC8-2 

MOTA 

TIC226B 

TRIAC 

MAC2-1 

MOTA 

TIC226B 

TRIAC 

MAC8-3 

MOTA 

TIC226B 

TRIAC 

MAC2-2 

MOTA 

TIC226B 

TRIAC 

MAC8-4 

MOTA 

TIC226B 

TRIAC 

MAC2-3 

MOTA 

TIC226B 

TRIAC 

MAC8-5 

MOTA 

TIC226D 

TRIAC 

MAC2-4 

MOTA 

TIC226B 

TRIAC 

MAC8-6 

MOTA 

TIC226D 

TRIAC 

MAC2-5 

MOTA 

TIC226D 

TRIAC 

MAC8-7 

MOTA 

CTI 

TRIAC 

MAC2-6 

MOTA 

TIC226D 

TRIAC 

MAC8-8 

MOTA 

CTI 

TRIAC 

MAC2-7 

MOTA 

CTI 

TRIAC 

MAC9-1 

MOTA 

TIC226B 

TRIAC 

MAC2-8 

MOTA 

CTI 

TRIAC 

MAC9-2 

MOTA 

TIC226B 

TRIAC 

MAC3-1 

MOTA 

TIC226B 

TRIAC 

MAC9-3 

MOTA 

TIC226B 

TRIAC 

MAC3-2 

MOTA 

TIC226B 

TRIAC 

MAC9-4 

MOTA 

TIC226B 

TRIAC 

MAC3-3 

MOTA 

TIC226B 

TRIAC 

MAC9-5 

MOTA 

TIC226D 

TRIAC 

MAC3-4 

MOTA 

TIC226B 

TRIAC 

MAC9-6 

MOTA 

TIC226D 

TRIAC 

MAC3-5 

MOTA 

TIC226D 

TRIAC 

MAC9-7 

MOTA 

CTI 

TRIAC 

MAC3-6 

MOTA 

TIC226D 

TRIAC 

MAC9-8 

MOTA 

CTI 

TRIAC 

MAC3-7 

MOTA 

CTI 

TRIAC 

MAC10-1 

MOTA 

TIC226B 

TRIAC 

MAC3-8 

MOTA 

CTI 

TRIAC 

MAC 10-2 

MOTA 

TIC226B 

TRIAC 

MAC4-1 

MOTA 

TIC226B 

TRIAC 

MAC10-3 

MOTA 

TIC226B 

TRIAC 

MAC4-2 

MOTA 

TIC22SB 

TRIAC 

MAC10-4 

MOTA 

TIC226B 

TRIAC 

MAC4-3 

MOTA 

TIC226B 

TRIAC 

MAC10-5 

MOTA 

TIC226D 

TRIAC 

MAC4-4 

MOTA 

TIC226B 

TRIAC 

MAC10-6 

MOTA 

TIC226D 

TRIAC 

MAC4-5 

MOTA 

TIC226D 

TRIAC 

MAC10-7 

MOTA 

CTI 

TRIAC 

MAC4-6 

MOTA 

TIC226D 

TRIAC 

MAC10-8 

MOTA 

CTI 

TRIAC 

MAC4-7 

MOTA 

CTI 

TRIAC 

MAC11-1 

MOTA 

TIC226B 

TRIAC 

MAC4-8 

MOTA 

CTI 

TRIAC 

MAC11-2 

MOTA 

TIC226B 

TRIAC 

MAC5-1 

MOTA 

TIC226B 

TRIAC 

MAC11-3 

MOTA 

TIC226B 

TRIAC 

MAC5-2 

MOTA 

TIC226B 

TRIAC 

MAC11-4 

MOTA 

TIC226B 

TRIAC 

MAC5-3 

MOTA 

TIC226B 

TRIAC 

MAC11-5 

MOTA 

TIC226D 

TRIAC 

MAC5-4 

MOTA 

TIC226B 

TRIAC 

MAC11-6 

MOTA 

TIC226D 

TRIAC 

MAC5-5 

MOTA 

TIC226D 

TRIAC 

MAC11-7 

MOTA 

CTI 

TRIAC 

MAC5-6 

MOTA 

TIC226D 

TRIAC 

MAC11-8 

MOTA 

CTI 

TRIAC 

MAC5-7 

MOTA 

CTI 

TRIAC 

MAC35-1 

MOTA 

TIC263B 

TRIAC 

MAC5-8 

MOTA 

CTI 

TRIAC 

MAC35-2 

MOTA 

TIC263B 

TRIAC 

MAC6-1 

MOTA 

TIC226B 

TRIAC 

MAC35-3 

MOTA 

TIC263B 

TRIAC 

MAC6-2 

MOTA 

TIC226B 

TRIAC 

MAC35-4 

MOTA 

TIC263B 

TRIAC 

MAC6-3 

MOTA 

TIC226B 

TRIAC 

MAC35-5 

MOTA 

TIC263D 

TRIAC 

MAC6-4 

MOTA 

TIC226B 

TRIAC 

MAC35-6 

MOTA 

TIC263D 

TRIAC 

MAC6-5 

MOTA 

TIC226D 

TRIAC 

MAC35-7 

MOTA 

TIC263E 

TRIAC 

MAC6-6 

MOTA 

TIC226D 

TRIAC 

MAC36-1 

MOTA 

TIC263B 

TRIAC 

MAC6-7 

MOTA 

CTI 

TRIAC 

MAC36-2 

MOTA 

TIC263B 

TRIAC 

MAC6-8 

MOTA 

CTI 

TRIAC 

MAC36-3 

MOTA 

TIC263B 

TRIAC 

MAC7-1 

MOTA 

TIC226B 

TRIAC 

MAC36-4 

MOTA 

TIC263B 

TRIAC 

MAC7-2 

MOTA 

TIC226B 

TRIAC 

MAC36-5 

MOTA 

TIC263D 

TRIAC 

MAC7-3 

MOTA 

TIC226B 

TRIAC 

MAC36-6 

MOTA 

TIC263D 

TRIAC 
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1 TYPE MANUFACTURER 

FOR NEW DESIGN 

CLASS 

MAC36-7 

MOTA 

TIC263E 

TRIAC 

MCR3000-4 

MOTA 

TIC116B 

SCR 

MAC37-1 

MOTA 

TIC263B 

TRIAC 

MCR3000-5 

MOTA 

TIC116D 

SCR 

MAC37-2 

MOTA 

TIC263B 

TRIAC 

MCR3000-6 

MOTA 

TIC116D 

SCR 

MAC37-3 

MOTA 

TIC263B 

TRIAC 

MCR 3000-7 

MOTA 

TIC116E 

SCR 

MAC37-4 

MOTA 

TIC263B 

TRIAC 

MCR3000-8 

MOTA 

TIC116M 

SCR 

MAC37-5 

MOTA 

TIC263D 

TRIAC 

MJ400 

MOTA 

TIP49 

NPN-Si 

MAC37-6 

MOTA 

TIC263D 

TRIAC 

MJ413 

MOTA 

TIP54 

NPN-Si 

MAC37-7 

MOTA 

TIC263E 

TRIAC 

MJ423 

MOTA 

TIP54 

NPN-Si 

MAC38-1 

MOTA 

TIC263B 

TRIAC 

MJ431 

MOTA 

TIP54 

NPN-Si 

MAC38-2 

MOTA 

TIC263B 

TRIAC 

MJ450 

MOTA 

TIP32 

PNP-Si 

MAC38-3 

MOTA 

TIC263B 

TRIAC 

MJ480 

MOTA 

2N3713 

NPN-Si 

MAC38-4 

MOTA 

TIC263B 

TRIAC 

MJ481 

MOTA 

2N3714 

NPN-Si 

MAC38-5 

MOTA 

TIC263D 

TRIAC 

MJ490 

MOTA 

TIP34 

PNP-Si 

MAC38-6 

MOTA 

TIC263D 

TRIAC 

MJ491 

MOTA 

TIP34 

PNP-Si 

MAC38-7 

MOTA 

TIC263E 

TRIAC 

MJ500 

MOTA 

TIP42 

PNP-Si 

MAC77-1 

MOTA 

TIC206A 

TRIAC 

MJ501 

MOTA 

TIP42A 

PNP-Si 

MAC77-2 

MOTA 

TIC206A 

TRIAC 

MJ802 

MOTA 

2N3716 

NPN-Si 

MAC77-3 

MOTA 

TIC206A 

TRIAC 

MJ900 

MOTA 

2N3789 

PNP-Si 

MAC77-4 

MOTA 

TIC206B 

TRIAC 

MJ901 

MOTA 

2N3790 

PNP-Si 

MAC77-5 

MOTA 

TIC206D 

TRIAC 

MJ 1 000 

MOTA 

2N3713 

NPN-Si 

MAC77-6 

MOTA 

TIC206D 

TRIAC 

MJ1001 

MOTA 

2N3714 

NPN-Si 

MAC77-7 

MOTA 

CTI 

TRIAC 

MJ 1 800 

MOTA 

TIP51 

NPN-Si 

MAC77-8 

MOTA 

CTI 

TRIAC 

MJ2249 

MOTA 

TIP31A 

NPN-Si 

MCR101 

MOTA 

TIC44 

SCR 

MJ2250 

MOTA 

TIP31B 

NPN-Si 

MCR102 

MOTA 

TIC44 

SCR 

MJ2251 

MOTA 

TIP47 

NPN-Si 

MCR103 

MOTA 

TIC45 

SCR 

MJ2252 

MOTA 

TIP48 

NPN-Si 

MCR104 

MOTA 

TIC46 

SCR 

MJ2253 

MOTA 

TIP32 

PNP-Si 

MCR 106-1 

MOTA 

TIC106Y 

SCR 

MJ2254 

MOTA 

TIP32B 

PNP-Si 

MCR 106-2 

MOTA 

TIC 106 A 

SCR 

MJ2267 

MOTA 

2N3789 

PNP-Si 

MCR 106-3 

MOTA 

TIC106A 

SCR 

MJ2268 

MOTA 

2N3790 

PNP-Si 

MCR 106-4 

MOTA 

TIC106B 

SCR 

MJ2500 

MOTA 

TIP145 

PNP-Si 

MCR115 

MOTA 

TIC47 

SCR 

MJ2501 

MOTA 

TIP146 

PNP-Si 

MCR 120 

MOTA 

TIC47 

SCR 

MJ2840 

MOTA 

TIP41A 

NPN-Si 

MCR406-1 

MOTA 

TIC106Y 

SCR 

MJ2841 

MOTA 

TIP41B 

NPN-Si 

MCR406-2 

MOTA 

TIC106A 

SCR 

MJ2901 

MOTA 

2N3055 

NPN-Si 

MCR406-3 

MOTA 

TIC106A 

SCR 

MJ2940 

MOTA 

TIP41A 

NPN-Si 

MCR406-4 

MOTA 

TIC106B 

SCR 

MJ2941 

MOTA 

TIP41B 

NPN-Si 

MCR407-1 

MOTA 

TIC106Y 

SCR 

MJ3000 

MOTA 

TIP140 

NPN-Si 

MCR407-2 

MOTA 

TIC106A 

SCR 

MJ3001 

MOTA 

TIP141 

NPN-Si 

MCR407-3 

MOTA 

TIC106A 

SCR 

MJ3010 

MOTA 

TIP51 

NPN-Si 

MCR407-4 

MOTA 

TIC106B 

SCR 

MJ3011 

MOTA 

TIP53 

NPN-Si 

MCR2315-1 

MOTA 

TIC116F 

SCR 

MJ3029 

MOTA 

TIP51 

NPN-Si 

MCR231 5-2 

MOTA 

TIC116F 

SCR 

MJ3030 

MOTA 

TIP53 

NPN-Si 

MCR2315-3 

MOTA 

TIC116A 

SCR 

MJ3101 

MOTA 

TIP31 

NPN-Si 

MCR2315-4 

MOTA 

TIC116B 

SCR 

MJ3201 

MOTA 

TIP47 

NPN-Si 

MCR2315-5 

MOTA 

TIC116D 

SCR 

MJ3202 

MOTA 

TIP48 

NPN-Si 

MCR2315-6 

MOTA 

TIC116D 

SCR 

MJ3701 

MOTA 

TIP32 

PNP-Si 

MCR3000-1 

MOTA 

TIC116F 

SCR 

MJ3771 

MOTA 

2N5301 

NPN-Si 

MCR3000-2 

MOTA 

TIC116F 

SCR 

MJ3772 

MOTA 

2N5301 

NPN-Si 

MCR3000-3 

MOTA 

TIC116A 

SCR 

MJ3801 

MOTA 

TIP33B 

NPN-Si 
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MANUFACTURER 

FOR NEW DESIGN 

CLASS 

MJ3802 

MOTA 

TIP33B 

NPN-Si 

MJE1101 

MOTA 

TIP120 

NPN-Si 

MJ4000 

MOTA 

TIPI 20 

NPN-Si 

MJE1102 

MOTA 

TIP121 

NPN-Si 

MJ4001 

MOTA 

TIP121 

NPN-Si 

MJE1103 

MOTA 

TIP121 

NPN-Si 

MJ4010 

MOTA 

TIPI 25 

PNP-Si 

MJE1290 

MOTA 

TIP34 

PNP-Si 

MJ401 1 

MOTA 

TIP126 

PNP-Si 

MJE1291 

MOTA 

TIP34A 

PNP-Si 

MJ4030 

MOTA 

TIP145 

PNP-Si 

MJE1660 

MOTA 

TIP33 

NPN-Si 

MJ4031 

MOTA 

TIP146 

PNP-Si 

MJE1661 

MOTA 

TIP33A 

NPN-Si 

MJ4032 

MOTA 

TIP147 

PNP-Si 

MJE2010 

MOTA 

TIP34 

PNP-Si 

MJ4033 

MOTA 

TIP145 

PNP-Si 

MJE2011 

MOTA 

TIP34A 

PNP-Si 

MJ4034 

MOTA 

TIP146 

PNP-Si 

MJE2020 

MOTA 

TIP33 

NPN-Si 

MJ4035 

MOTA 

TIP147 

PNP-Si 

MJE2021 

MOTA 

TIP33A 

NPN-Si 

MJ4101 

MOTA 

TIP31 

NPN-Si 

MJE2360 

MOTA 

TIP54 

NPN-Si 

MJ4502 

MOTA 

2N4399 

PNP-Si 

MJE2361 

MOTA 

TIP54 

NPN-Si 

MJ6700 

MOTA 

TIP41 

NPN-Si 

MJE2370 

MOTA 

TIP34 

PNP-Si 

MJ6701 

MOTA 

TIP41A 

NPN-Si 

MJE2371 

MOTA 

TIP34A 

PNP-Si 

MJ7000 

MOTA 

2N5303 

NPN-Si 

MJE2480 

MOTA 

TIP33 

NPN-Si 

MJ7200 

MOTA 

CTI 

NPN-Si 

MJE2481 

MOTA 

TIP33A 

NPN-Si 

MJ7201 

MOTA 

CTI 

NPN-Si 

MJE2482 

MOTA 

TIP33 

NPN-Si 

MJ8100 

MOTA 

CTI 

PNP-Si 

MJE2483 

MOTA 

TIP33A 

NPN-Si 

MJ8101 

MOTA 

CTI 

PNP-Si 

MJE2490 

MOTA 

TIP34 

PNP-Si 

MJ8400 

MOTA 

CTI 

NPN-Si 

MJE2491 

MOTA 

TIP34A 

PNP-Si 

MJ9000 

MOTA 

CTI 

NPN-Si 

MJE2520 

MOTA 

TIP33 

NPN-Si 

MJE101 

MOTA 

TIP34 

PNP-Si 

MJE2521 

MOTA 

TIP33A 

NPN-Si 

MJE102 

MOTA 

TIP34A 

PNP-Si 

MJE2522 

MOTA 

TIP33 

NPN-Si 

MJE103 

MOTA 

TIP34A 

PNP-Si 

MJE2523 

MOTA 

TIP33A 

NPN-Si 

MJE104 

MOTA 

TIP34B 

PNP-Si 

MJE2801 

MOTA 

TIP41A 

NPN-Si 

MJE105 

MOTA 

TIP34A 

PNP-Si 

MJE2901 

MOTA 

TIP42A 

PNP-Si 

MJE201 

MOTA 

TIP33 

NPN-Si 

MJE2955 

MOTA 

TIP2955 

PNP-Si 

MJE202 

MOTA 

TIP33A 

NPN-Si 

MJE3050 

MOTA 

TIP33A 

NPN-Si 

MJE203 

MOTA 

TIP33A 

NPN-Si 

MJE3055 

MOTA 

TIP3055 

NPN-Si 

MJE204 

MOTA 

TIP33B 

NPN-Si 

MJE3370 

MOTA 

TIP32 

PNP-Si 

MJE205 

MOTA 

TIP33A 

NPN-Si 

MJE3371 

MOTA 

TIP32 

PNP-Si 

MJE340 

MOTA 

TIP48 

NPN-Si 

MJE3439 

MOTA 

TIP51 

NPN-Si 

MJE370 

MOTA 

T1P32 

PNP-Si 

MJE3440 

MOTA 

TIP52 

NPN-Si 

MJE371 

MOTA 

TIP32 

PNP-Si 

MJE3520 

MOTA 

TIP33 

NPN-Si 

MJE520 

MOTA 

TIP31 

NPN-Si 

MJE3521 

MOTA 

TIP33 

NPN-Si 

MJE521 

MOTA 

TIP31 

NPN-Si 

MJE3738 

MOTA 

TIP51 

NPN-Si 

MJE700 

MOTA 

TIP1 10 

NPN-Si 

MJE3739 

MOTA 

TIP52 

NPN-Si 

MJE701 

MOTA 

TIP1 15 

PNP-Si 

MJE3740 

MOTA 

TIP34A 

PNP-Si 

MJE702 

MOTA 

TIP1 16 

PNP-Si 

MJE3741 

MOTA 

TIP34B 

PNP-Si 

MJE703 

MOTA 

TIP1 16 

PNP-Si 

Q2001P 

ECC 

TIC215B 

TRIAC 

MJE800 

MOTA 

TIP1 10 

NPN-Si 

Q2001PS 

ECC 

TIC215B 

TRIAC 

MJE801 

MOTA 

TIP1 10 

NPN-Si 

Q2001PST 

ECC 

TIC215B 

TRIAC 

MJE802 

MOTA 

TIP1 1 1 

NPN-Si 

Q2001PT 

ECC 

TIC215B 

TRIAC 

MJE803 

MOTA 

TIP1 11 

NPN-Si 

Q2003P 

ECC 

TIC226B 

TRIAC 

MJE1090 

MOTA 

TIP125 

PNP-Si 

Q2003PT 

ECC 

TIC226B 

TRIAC 

MJE1091 

MOTA 

TIP125 

PNP-Si 

Q2004 

ECC 

TIC226B 

TRIAC 

MJE1092 

MOTA 

TIP126 

PNP-Si 

Q2004A 

ECC 

TIC226B 

TRIAC 

MJE1093 

MOTA 

TIP126 

PNP-Si 

Q2004B 

ECC 

TIC226B 

TRIAC 

MJE1100 

MOTA 

TIP120 

NPN-Si 

Q2004T 

ECC 

TIC226B 

TRIAC 
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TYPE 

MANUFACTURER 

FOR NEW DESIGN 

CLASS 

j TYPE 

MANUFACTURER 

FOR NEW DESIGN 

CLASS 

Q2004TA 

ECC 

TIC226B 

TRIAC 

Q 5006 A 

ECC 

TIC253E 

TRIAC 

Q2004TB 

ECC 

TIC226B 

TRIAC 

Q5006B 

ECC 

TIC253E 

TRIAC 

Q2006 

ECC 

TIC226B 

TRIAC 

Q5006TA 

ECC 

TIC253E 

TRIAC 

Q2006A 

ECC 

TIC226B 

TRIAC 

Q5006TB 

ECC 

TIC253E 

TRIAC 

Q2006B 

ECC 

TIC226B 

TRIAC 

Q5008 

ECC 

TIC253E 

TRIAC 

Q2006T 

ECC 

TIC226B 

TRIAC 

Q5008A 

ECC 

TIC253E 

TRIAC 

Q2006TA 

ECC 

TIC226B 

TRIAC 

Q5008B 

ECC 

TIC253E 

TRIAC 

Q 2006TB 

ECC 

TIC226B 

TRIAC 

Q5008T 

ECC 

TIC253E 

TRIAC 

Q2008A 

ECC 

TIC236B 

TRIAC 

Q5008TA 

ECC 

TIC253E 

TRIAC 

Q2008B 

ECC 

TIC236B 

TRIAC 

Q5008TB 

ECC 

TIC253E 

TRIAC 

Q2008TA 

ECC 

TIC236B 

TRIAC 

Q6015 

ECC 

TIC253M 

TRIAC 

Q 2008TB 

ECC 

TIC236B 

TRIAC 

Q601 5A 

ECC 

TIC253M 

TRIAC 

Q2010 

ECC 

TIC246B 

TRIAC 

Q601 5T 

ECC 

TIC253M 

TRIAC 

Q2010A 

ECC 

TIC246B 

TRIAC 

Q601 5TA 

ECC 

TIC253M 

TRIAC 

Q2010B 

ECC 

TIC246B 

TRIAC 

Q6015TB 

ECC 

TIC253M 

TRIAC 

Q2010T 

ECC 

TIC236B 

TRIAC 

RTA0101 

TEC 

2N3005 

SCR 

Q2010TA 

ECC 

TIC236B 

TRIAC 

RTA0103 

TEC 

2N3005 

SCR 

Q2010TB 

ECC 

TJC246B 

TRIAC 

RTA0106 

TEC 

2N3006 

SCR 

Q2015 

ECC 

TIC253B 

TRIAC 

RTA0110 

TEC 

TIC39A 

SCR 

Q2015A 

ECC 

TIC253B 

TRIAC 

RTA0115 

TEC 

2N3008 

SCR 

Q2015B 

ECC 

TIC253B 

TRIAC 

RTA0120 

TEC 

2N3008 

SCR 

Q2015T 

ECC 

TIC253B 

TRIAC 

RTB0101 

TEC 

2N3005 

SCR 

Q2015TA 

ECC 

TIC253B 

TRIAC 

RTB0103 

TEC 

2N3005 

SCR 

Q2015TB 

ECC 

TIC253B 

TRIAC 

RTB0106 

TEC 

2N3006 

SCR 

Q2025 

ECC 

TIC253B 

TRIAC 

RTB0110 

TEC 

TIC39A 

SCR 

Q2025C 

ECC 

TIC253B 

TRIAC 

RTB0115 

TEC 

2N3008 

SCR 

Q2025D 

ECC 

TIC263B 

TRIAC 

RTB0120 

TEC 

2N3008 

SCR 

Q4004 

ECC 

TIC226D 

TRIAC 

RTB0125 

TEC 

2N1598 

SCR 

Q4004A 

ECC 

T1C226D 

TRIAC 

RTB0130 

TEC 

2N1598 

SCR 

Q4004B 

ECC 

TIC226D 

TRIAC 

RTB0201 

TEC 

2N3005 

SCR 

Q4004T 

ECC 

TIC226D 

TRIAC 

RTB0203 

TEC 

2N3005 

SCR 

Q4004TB 

ECC 

TIC226D 

TRIAC 

RTB0206 

TEC 

2N3006 

SCR 

Q4006A 

ECC 

TIC226D 

TRIAC 

RTB0210 

TEC 

TIC39A 

SCR 

Q4008A 

ECC 

TIC246D 

TRIAC 

RTB0215 

TEC 

2N3008 

SCR 

Q4008B 

ECC 

TIC246D 

TRIAC 

RTB0220 

TEC 

2N3008 

SCR 

Q4008TA 

ECC 

TIC246D 

TRIAC 

RTB0225 

TEC 

2N1598 

SCR 

Q4008TB 

ECC 

TIC246D 

TRIAC 

RTB0230 

TEC 

2N1598 

SCR 

Q4010 

ECC 

TIC246D 

TRIAC 

RTB0301 

TEC 

2N3005 

SCR 

Q4010A 

ECC 

TIC246D 

TRIAC 

RTB0303 

TEC 

2N3005 

SCR 

Q4010B 

ECC 

TIC246D 

TRIAC 

RTB0306 

TEC 

2N3006 

SCR 

Q4010T 

ECC 

TIC246D 

TRIAC 

RTB0310 

TEC 

TIC39A 

SCR 

Q4010TA 

ECC 

TIC246D 

TRIAC 

RTB0315 

TEC 

2N3008 

SCR 

Q4010TB 

ECC 

TIC246D 

TRIAC 

RTB0320 

TEC 

2N3008 

SCR 

Q4025 

ECC 

TIC263D 

TRIAC 

RTB0325 

TEC 

2N1598 

SCR 

Q4025C 

ECC 

TIC263D 

TRIAC 

RTB0330 

TEC 

2N1598 

SCR 

Q4025D 

ECC 

TIC263D 

TRIAC 

RTB0401 

TEC 

2N3001 

SCR 

Q5004 

ECC 

TIC216D 

TRIAC 

RTB0403 

TEC 

2N3001 

SCR 

Q5004A 

ECC 

TIC216D 

TRIAC 

RTB0406 

TEC 

2N3002 

SCR 

Q5004B 

ECC 

TIC216D 

TRIAC 

RTB0410 

TEC 

TIC39A 

SCR 


Refer to page 2-17 for key to manufacturers. 


Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 



CROSS-REFERENCE GUIDE 


TYPE 

MANUFACTURER 

FOR NEW DESIGN 

CLASS 

TYPE 

MANUFACTURER 

FOR NEW DESIGN 

CLASS 

RTB0415 

TEC 

2N3004 

SCR 

RTC0430 

TEC 

2N1598 

SCR 

RTB0420 

TEC 

2N3008 

SCR 

RTC0501 

TEC 

2N3001 

SCR 

RTB0425 

TEC 

2N1598 

SCR 

RTC0503 

TEC 

2N3001 

SCR 

RTB0430 

TEC 

2N1598 

SCR 

RTC0506 

TEC 

2N3002 

SCR 

RTB0501 

TEC 

2N3001 

SCR 

RTC0510 

TEC 

2N3003 

SCR 

RTB0503 

TEC 

2N3005 

SCR 

RTC051 5 

TEC 

2N3004 

SCR 

RTB0506 

TEC 

2N3002 

SCR 

RTC0520 

TEC 

2N3004 

SCR 

RTB0510 

TEC 

TIC39A 

SCR 

RTC0525 

TEC 

2N1598 

SCR 

RTB0515 

TEC 

2N3004 

SCR 

RTC0530 

TEC 

2N1598 

SCR 

RTB0520 

TEC 

2N3004 

SCR 

RTC0601 

TEC 

2N3001 

SCR 

RTB0525 

TEC 

2N1598 

SCR 

RTC0603 

TEC 

2N3001 

SCR 

RTB0530 

TEC 

2N1598 

SCR 

RTC0606 

TEC 

2N3002 

SCR 

RTB0601 

TEC 

2N3001 

SCR 

RTC0610 

TEC 

2N3003 

SCR 

RTB0603 

TEC 

2N3001 

SCR 

RTC0615 

TEC 

2N3004 

SCR 

RTB0606 

TEC 

2N3002 

SCR 

RTC0620 

TEC 

2N3004 

SCR 

RTB0608 

TEC 

2N3002 

SCR 

RTD0101 

TEC 

TIC39Y 

SCR 

RTB0610 

TEC 

TIC39A 

SCR 

RTD0103 

TEC 

TIC39Y 

SCR 

RTB0615 

TEC 

2N3004 

SCR 

RTD0106 

TEC 

TIC39F 

SCR 

RTB0620 

TEC 

2N3004 

SCR 

RTD0110 

TEC 

TIC39A 

SCR 

RTC0101 

TEC 

2N3005 

SCR 

RTD0115 

TEC 

TIC39B 

SCR 

RTC0103 

TEC 

2N3005 

SCR 

RTD0120 

TEC 

2N1598 

SCR 

RTC0106 

TEC 

2N3006 

SCR 

RTD0125 

TEC 

2N1597 

SCR 

RTC0110 

TEC 

2N3007 

SCR 

RTD0130 

TEC 

2N1598 

SCR 

RTC0115 

TEC 

2N3004 

SCR 

RTD0135 

TEC 

2N1599 

SCR 

RTC0120 

TEC 

2N3004 

SCR 

RTD0140 

TEC 

TIC106D 

SCR 

RTC0125 

TEC 

2N1598 

SCR 

RTD0201 

TEC 

TIC39Y 

SCR 

RTC0130 

TEC 

2N1598 

SCR 

RTD0203 

TEC 

TIC39Y 

SCR 

RTC0201 

TEC 

2N3005 

SCR 

RTD0206 

TEC 

TIC39F 

SCR 

RTC0203 

TEC 

2N3005 

SCR 

RTD0210 

TEC 

TIC39A 

SCR 

RTC0206 

TEC 

2N3006 

SCR 

RTD0215 

TEC 

TIC39B 

SCR 

RTC0210 

TEC 

2N3009 

SCR 

RTD0220 

TEC 

TIC39B 

SCR 

RTC021 5 

TEC 

2N3008 

SCR 

RTD0225 

TEC 

2N1598 

SCR 

RTC0220 

TEC 

TIC116B 

SCR 

RTD0230 

TEC 

2N1598 

SCR 

RTC0225 

TEC 

2N1598 

SCR 

RTD0235 

TEC 

2N1599 

SCR 

RTC0230 

TEC 

2N1598 

SCR 

RTD0240 

TEC 

TIC106D 

SCR 

RTC0301 

TEC 

2N3005 

SCR 

RTD0301 

TEC 

TIC39Y 

SCR 

RTC0303 

TEC 

2N3005 

SCR 

RTD0303 

TEC 

TIC39Y 

SCR 

RTC0306 

TEC 

2N3006 

SCR 

RTD0306 

TEC 

TIC39F 

SCR 

RTC0310 

TEC 

2N3007 

SCR 

RTD0310 

TEC 

TIC39A 

SCR 

RTC0315 

TEC 

2N3008 

SCR 

RTD0315 

TEC 

TIC39B 

SCR 

RTC0320 

TEC 

2N3008 

SCR 

RTD0320 

TEC 

TIC39B 

SCR 

RTC0325 

TEC 

2N1598 

SCR 

RTD0325 

TEC 

2N1598 

SCR 

RTC0330 

TEC 

2N1598 

SCR 

RTD0330 

TEC 

2N1598 

SCR 

I3TC0401 

TEC 

2N3001 

SCR 

RTD0335 

TEC 

2N1599 

SCR 

RTC0403 

TEC 

2N3001 

SCR 

RTD0340 

TEC 

TIC106D 

SCR 

RTC0406 

TEC 

2N3002 

SCR 

RTD0401 

TEC 

TIC39Y 

SCR 

RTC0410 

TEC 

2N3003 

SCR 

RTD0403 

TEC 

TIC39Y 

SCR 

RTC0415 

TEC 

2N3008 

SCR 

RTD0406 

TEC 

TIC39F 

SCR 

RTC0420 

TEC 

2N3008 

SCR 

RTD0410 

TEC 

TIC39A 

SCR 

RTC0425 

TEC 

2N1598 

SCR 

RTD0415 

TEC 

TIC39B 

SCR 


Refer to page 2-17 for key to manufacturers. 


Texas Instruments 

INCORPORATED 


2-27 


POST OFFICE BOX 5012 


DALLAS, TEXAS 75222 


CROSS-REFERENCE GUIDE 



2-28 


TYPE 

MANUFACTURER 

FOR NEW DESIGN 

CLASS 

TYPE 

MANUFACTURER 

FOR NEW DESIGN 

CLASS 

RTD0420 

TEC 

TIC39B 

SCR 

RTF0340 

TEC 

TIC39D 

SCR 

RTD0425 

TEC 

2N1598 

SCR 

RTF0401 

TEC 

TIC39Y 

SCR 

RTD0430 

TEC 

2N1598 

SCR 

RTF0403 

TEC 

TIC39Y 

SCR 

RTD0435 

TEC 

2N1599 

SCR 

RTF0406 

TEC 

TIC39A 

SCR 

RTD0440 

TEC 

TIC106D 

SCR 

RTF0410 

TEC 

TIC39A 

SCR 

RTD0501 

TEC 

TIC39Y 

SCR 

RTF0415 

TEC 

TIC39B 

SCR 

RTD0503 

TEC 

TIC39Y 

SCR 

RTF0420 

TEC 

TIC39B 

SCR 

RTD0506 

TEC 

TIC39F 

SCR 

RTF0425 

TEC 

TIC39C 

SCR 

RTD0510 

TEC 

TIC39A 

SCR 

RTF 0430 

TEC 

TIC39C 

SCR 

RTD0515 

TEC 

TIC39B 

SCR 

RTF0435 

TEC 

TIC39D 

SCR 

RTD0520 

TEC 

TIC39B 

SCR 

RTF0440 

TEC 

TIC39D 

SCR 

RTD0525 

TEC 

2N1598 

SCR 

RTF0501 

TEC 

TIC39Y 

SCR 

RTD0530 

TEC 

2N1598 

SCR 

RTF 0503 

TEC 

TIC39Y 

SCR 

RTD0535 

TEC 

2N1599 

SCR 

RTF0506 

TEC 

TIC39A 

SCR 

RTD0540 

TEC 

TIC106D 

SCR 

RTF0510 

TEC 

TIC39A 

SCR 

RTD0601 

TEC 

TIC39Y 

SCR 

RTF0515 

TEC 

TIC39B 

SCR 

RTD0603 

TEC 

TIC39Y 

SCR 

RTF0520 

TEC 

TIC39B 

SCR 

RTD0606 

TEC 

TIC39F 

SCR 

RTF0525 

TEC 

TIC39C 

SCR 

RTD0610 

TEC 

TIC39A 

SCR 

RTF 0530 

TEC 

TIC39C 

SCR 

RTD0615 

TEC 

TIC39B 

SCR 

RTF0535 

TEC 

TIC39D 

SCR 

RTD0620 

TEC 

TIC39B 

SCR 

RTF0540 

TEC 

TIC39D 

SCR 

RTF0101 

TEC 

TIC39Y 

SCR 

RTF0601 

TEC 

TIC39Y 

SCR 

RTF0103 

TEC 

TIC39Y 

SCR 

RTF 0603 

TEC 

TIC39Y 

SCR 

RTF0106 

TEC 

TIC39A 

SCR 

RTF 0606 

TEC 

TIC39A 

SCR 

RTF0110 

TEC 

TIC39A 

SCR 

RTF0610 

TEC 

TIC39A 

SCR 

RTF0115 

TEC 

TIC39B 

SCR 

RTF0615 

TEC 

TIC39B 

SCR 

RTF0120 

TEC 

TIC39B 

SCR 

RTF0620 

TEC 

TIC39B 

SCR 

RTF0125 

TEC 

TIC39C 

SCR 

RTN0102 

TEC 

TIC116F 

SCR 

RTF0130 

TEC 

TIC39C 

SCR 

RTN0105 

TEC 

TIC116F 

SCR 

RTF0135 

TEC 

TIC39D 

SCR 

RTN0110 

TEC 

TIC116A 

SCR 

RTF0140 

TEC 

TIC39D 

SCR 

RTN0120 

TEC 

TIC116B 

SCR 

RTF0201 

TEC 

TIC39Y 

SCR 

RTN0130 

TEC 

TIC116C 

SCR 

RTF0203 

TEC 

TIC39Y 

SCR 

RTN0140 

TEC 

TIC116D 

SCR 

RTF 0206 

TEC 

TIC39A 

SCR 

RTN0150 

TEC 

TIC116E 

SCR 

RTF0210 

TEC 

TIC39A 

SCR 

RTN0160 

TEC 

TIC116M 

SCR 

RTF0215 

TEC 

TIC39B 

SCR 

RTN0202 

TEC 

TIC126F 

SCR 

RTF0220 

TEC 

TIC39B 

SCR 

RTN0205 

TEC 

TIC126F 

SCR 

RTF 0225 

TEC 

TIC39C 

SCR 

RTN0210 

TEC 

TIC126A 

SCR 

RTF0230 

TEC 

TIC39C 

SCR 

RTN0220 

TEC 

TIC126B 

SCR 

RTF0235 

TEC 

TIC39D 

SCR 

RTN0230 

TEC 

TIC126C 

SCR 

RTF0240 

TEC 

TIC39D 

SCR 

RTN0240 

TEC 

TIC126D 

SCR 

RTF 0301 

TEC 

TIC39Y 

SCR 

RTN0250 

TEC 

TIC126E 

SCR 

RTF0303 

TEC 

TIC39Y 

SCR 

RTN0260 

TEC 

TIC126M 

SCR 

RTF0306 

TEC 

TIC39A 

SCR 

RTN0302 

TEC 

TIC126F 

SCR 

RTF0310 

TEC 

TIC39A 

SCR 

RTN0305 

TEC 

TIC126F 

SCR 

RTF0315 

TEC 

TIC39B 

SCR 

RTN0310 

TEC 

TIC126A 

SCR 

RTF0320 

TEC 

TIC39B 

SCR 

RTN0320 

TEC 

TIC126B 

SCR 

RTF 0325 

TEC 

TIC39C 

SCR 

RTN0330 

TEC 

TIC126C 

SCR 

RTF0330 

TEC 

TIC39C 

SCR 

RTN0340 

TEC 

TIC126D 

SCR 

RTF0335 

TEC 

TIC39D 

SCR 

RTN0350 

TEC 

TIC126E 

SCR 


Refer to page 2-17 for key to manufacturers. 


Texas Instruments 

INCORPORATED 


POST OFFICE BOX 5012 


DALLAS, TEXAS 75222 


CROSS-REFERENCE GUIDE 


TYPE 

MANUFACTURER 

FOR NEW DESIGN 

CLASS 

TYPE 

MANUFACTURER 

FOR NEW DESIGN 

CLASS 

RTN0360 

TEC 

TIC126M 

SCR 

RTR0405 

TEC 

TIC106F 

SCR 

RTN0402 

TEC 

TIC126F 

SCR 

RTR0410 

TEC 

TIC106A 

SCR 

RTN0405 

TEC 

TIC126F 

SCR 

RTR0420 

TEC 

TIC106B 

SCR 

RTN0410 

TEC 

TIC126A 

SCR 

RTR0430 

TEC 

TIC106C 

SCR 

RTN0420 

TEC 

TIC126B 

SCR 

RTR0440 

TEC 

TIC106D 

SCR 

RTN0430 

TEC 

TIC126C 

SCR 

RTR0450 

TEC 

CTI 

SCR 

RTN0440 

TEC 

TIC126D 

SCR 

RTR0460 

TEC 

CTI 

SCR 

RTN0450 

TEC 

TIC126E 

SCR 

RTR0502 

TEC 

TIC106F 

SCR 

RTN0460 

TEC 

TIC126M 

SCR 

RTR0505 

TEC 

TIC106F 

SCR 

RTN0502 

TEC 

TIC126F 

SCR 

RTR0510 

TEC 

TIC106A 

SCR 

RTN0505 

TEC 

TIC126F 

SCR 

RTR0520 

TEC 

TIC106B 

SCR 

RTN0510 

TEC 

TIC126A 

SCR 

RTR0530 

TEC 

TIC106C 

SCR 

RTN0520 

TEC 

TIC126B 

SCR 

RTR0540 

TEC 

TIC106D 

SCR 

RTN0530 

TEC 

TIC126C 

SCR 

RTR0550 

TEC 

CTI 

SCR 

RTN0540 

TEC 

TIC126D 

SCR 

RTR0560 

TEC 

CTI 

SCR 

RTN0550 

TEC 

TIC126E 

SCR 

RTS0102 

TEC 

TIC106F 

SCR 

RTN0560 

TEC 

TIC126M 

SCR 

RTS0105 

TEC 

TIC106F 

SCR 

RTN0602 

TEC 

TIC126F 

SCR 

RTS0110 

TEC 

TIC106A 

SCR 

RTN0605 

TEC 

TIC126F 

SCR 

R TSOI 20 

TEC 

TIC106B 

SCR 

RTN0610 

TEC 

TIC126A 

SCR 

RTS0130 

TEC 

TIC106C 

SCR 

RTN0620 

TEC 

TIC126B 

SCR 

RTS0140 

TEC 

TIC106D 

SCR 

RTN0630 

TEC 

TIC126C 

SCR 

RTS0150 

TEC 

CTI 

SCR 

RTN0640 

TEC 

TIC126D 

SCR 

RTS0160 

TEC 

CTI 

SCR 

RTN0650 

TEC 

TIC126E 

SCR 

RTS0202 

TEC 

TIC106F 

SCR 

RTN0660 

TEC 

TIC126M 

SCR 

RTS0205 

TEC 

TIC106F 

SCR 

RTR0102 

TEC 

TIC106F 

SCR 

RTS0210 

TEC 

TIC106A 

SCR 

RTR0105 

TEC 

TIC106F 

SCR 

RTS0220 

TEC 

TIC106B 

SCR 

RTR0110 

TEC 

TIC106A 

SCR 

RTS0230 

TEC 

TIC106C 

SCR 

RTR0120 

TEC 

TIC106B 

SCR 

RTS0240 

TEC 

TIC106D 

SCR 

RTR0130 

TEC 

TIC106C 

SCR 

RTS0250 

TEC 

CTI 

SCR 

RTR0140 

TEC 

TIC106D 

SCR 

RTS0260 

TEC 

CTI 

SCR 

RTR01 50 

TEC 

CTI 

SCR 

RTS0302 

TEC 

TIC106F 

SCR 

RTR0160 

TEC 

CTI 

SCR 

RTS0305 

TEC 

. TIC106F 

SCR 

RTR0202 

TEC 

TIC106F 

SCR 

RTS0310 

TEC 

TIC106A 

SCR 

RTR0205 

TEC 

TIC106F 

SCR 

RTS0320 

TEC 

TIC106B 

SCR 

RTR0210 

TEC 

TIC106A 

SCR 

RTS0330 

TEC 

TIC106C 

SCR 

RTR0220 

TEC 

TIC106B 

SCR 

RTS0340 

TEC 

TIC106D 

SCR 

RTR0230 

TEC 

TIC106C 

SCR 

RTS0350 

TEC 

CTI 

SCR 

RTR0240 

TEC 

TIC106D 

SCR 

RTS0360 

TEC 

CTI 

SCR 

RTR0250 

TEC 

CTI 

SCR 

RTS0402 

TEC 

TIC106F 

SCR 

RTR0260 

TEC 

CTI 

SCR 

RTS0405 

TEC 

TIC106F 

SCR 

RTR0302 

TEC 

TIC106F 

SCR 

RTS0410 

TEC 

TIC106A 

SCR 

RTR0305 

TEC 

TIC106F 

SCR 

RTS0420 

TEC 

TIC106B 

SCR 

RTR0310 

TEC 

TIC106A 

SCR 

RTS0430 

TEC 

TIC106C 

SCR 

RTR0320 

TEC 

TIC106B 

SCR 

RTS0440 

TEC 

TIC106D 

SCR 

RTR0330 

TEC 

TIC106C 

SCR 

RTS0450 

TEC 

CTI 

SCR 

RTR0340 

TEC 

TIC106D 

SCR 

RTS0460 

TEC 

CTI 

SCR 

RTR0350 

TEC 

CTI 

SCR 

RTT0102 

TEC 

TIC116F 

SCR 

RTR0360 

TEC 

CTI 

SCR 

RTT0105 

TEC 

TIC116F 

SCR 

RTR0402 

TEC 

TIC106F 

SCR 

RTT0110 

TEC 

TIC116A 

SCR 


Refer to page 2-17 for key to manufacturers. 


CTI— Contact Texas Instruments. 


Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 


2-29 


CROSS-REFERENCE GUIDE 


TYPE 

MANUFACTURER 

FOR NEW DESIGN 

CLASS 

TYPE 

MANUFACTURER 

FOR NEW DESIGN 

CLASS 

RTT0120 

TEC 

TIC116B 

SCR 

RTU0140 

TEC 

TIC126D 

SCR 

RTT0130 

TEC 

TIC116C 

SCR 

RTU0150 

TEC 

TIC126E 

SCR 

RTT0140 

TEC 

TIC116D 

SCR 

RTU0160 

TEC 

TIC126M 

SCR 

RTT0150 

TEC 

TIC116E 

SCR 

RTU0202 

TEC 

TIC126F 

SCR 

RTT0160 

TEC 

TIC116M 

SCR 

RTU0205 

TEC 

TIC126F 

SCR 

RTT0202 

TEC 

TIC116F 

SCR 

RTU0210 

TEC 

TIC126A 

SCR 

RTT0205 

TEC 

TIC116F 

SCR 

RTU0220 

TEC 

TIC126B 

SCR 

RTT0210 

TEC 

TIC116A 

SCR 

RTU0230 

TEC 

TIC126C 

SCR 

RTT0220 

TEC 

TIC116B 

SCR 

RTU0240 

TEC 

TIC126D 

SCR 

RTT0230 

TEC 

TIC116C 

SCR 

RTU0250 

TEC 

TIC126E 

SCR 

RTT0240 

TEC 

TIC116D 

SCR 

RTU0260 

TEC 

TIC126M 

SCR 

RTT0250 

TEC 

TIC116E 

SCR 

RTU0302 

TEC 

TIC126F 

SCR 

RTT0260 

TEC 

TIC116M 

SCR 

RTU0305 

TEC 

TIC126F 

SCR 

RTT0302 

TEC 

TIC116F 

SCR 

RTU0310 

TEC 

TIC126A 

SCR 

RTT0305 

TEC 

TIC116F 

SCR 

RTU0320 

TEC 

TIC126B 

SCR 

RTT0310 

TEC 

TIC116A 

SCR 

RTU0330 

TEC 

TIC126C 

SCR 

RTT0320 

TEC 

TIC116B 

SCR 

RTU0340 

TEC 

TIC126D 

SCR 

RTT0330 

TEC 

TIC116C 

SCR 

RTU0350 

TEC 

TIC126E 

SCR 

RTT0340 

TEC 

TIC116D 

SCR 

RTU0360 

TEC 

TIC126M 

SCR 

RTT0350 

TEC 

TIC116E 

SCR 

RTU0402 

TEC 

TIC126F 

SCR 

RTT0360 

TEC 

TIC116M 

SCR 

RTU0405 

TEC 

TIC126F 

SCR 

RTT0402 

TEC 

TIC116F 

SCR 

RTU0410 

TEC 

TIC126A 

SCR 

RTT0405 

TEC 

TIC116F 

SCR 

RTU0420 

TEC 

TIC126B 

SCR 

RTT0410 

TEC 

TIC116A 

SCR 

RTU0430 

TEC 

TIC126C 

SCR 

RTT0420 

TEC 

TIC116B 

SCR 

RTU0440 

TEC 

TIC126D 

SCR 

RTT0430 

TEC 

TIC116C 

SCR 

RTU0450 

TEC 

TIC126E 

SCR 

RTT0440 

TEC 

TIC116D 

SCR 

RTU0460 

TEC 

TIC126M 

SCR 

RTT0450 

TEC 

TIC116E 

SCR 

RTU0502 

TEC 

TIC126F 

SCR 

RTT0460 

TEC 

TIC116M 

SCR 

RTU0505 

TEC 

TIC126F 

SCR 

RTT0502 

tec 

TIC116F 

SCR 

RTU0510 

TEC 

TIC126A 

SCR 

RTT0505 

TEC 

TIC116F 

SCR 

RTU0520 

TEC 

TIC126B 

SCR 

RTT0510 

TEC 

TIC116A 

SCR 

RTU0530 

TEC 

TIC126C 

SCR 

RTT0520 

TEC 

TIC116B 

SCR 

RTU0540 

TEC 

TIC126D 

SCR 

RTT0530 

TEC 

TIC116C 

SCR 

RTU0550 

TEC 

TIC126E 

SCR 

RTT0540 

TEC 

TIC116D 

SCR 

RTU0560 

TEC 

TIC126M * 

SCR 

RTT0550 

TEC 

TIC116E 

SCR 

RTU0602 

TEC 

TIC126F 

SCR 

RTT0560 

TEC 

TIC116M 

SCR 

RTU0605 

TEC 

TIC126F 

SCR 

RTT0602 

TEC 

TIC116F 

SCR 

RTU0610 

TEC 

TICT26A 

SCR 

RTT0605 

TEC 

TIC116F 

SCR 

RTU0620 

TEC 

TIC126B 

SCR 

RTT0610 

TEC 

TIC116A 

SCR 

RTU0630 

TEC 

TIC126C 

SCR 

RTT0620 

TEC 

TIC116B 

SCR 

RTU0640 

TEC 

TIC126D 

SCR 

RTT0630 

TEC 

TIC116C 

SCR 

RTU0650 

TEC 

TIC126E 

SCR 

RTT0640 

TEC 

TIC116D 

SCR 

RTU0660 

TEC 

TIC126M 

SCR 

RTT0650 

TEC 

TIC116E 

SCR 

SC60B 

GE 

TIC263B 

TRIAC 

RTT0660 

TEC 

TIC116M 

SCR 

SC60D 

GE 

TIC263D 

TRIAC 

RTU0102 

TEC 

TIC126F 

SCR 

SC60E 

GE 

TIC263E 

TRIAC 

RTU0105 

TEC 

TIC126F 

SCR 

SC61B 

GE 

TIC263B 

TRIAC 

RTU0110 

TEC 

TIC126A 

SCR 

SC61D 

GE 

TIC263D 

TRIAC 

RTU0120 

TEC 

TIC126B 

SCR 

SC61E 

GE 

TIC263E 

TRIAC 

RTU0130 

TEC 

TIC126C 

SCR 

SC141B 

GE 

TIC226B 

TRIAC 


Refer to page 2-17 for key to manufacturers. 
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TYPE 

MANUFACTURER 

FOR NEW DESIGN 

CLASS 

TYPE 

MANUFACTURER 

FOR NEW DESIGN 

CLASS 

SC141D 

GE 

TIC226D 

TRIAC 

SDT3510 

SOD 

TIP32A 

PNP-Si 

SC141E 

GE 

TIC226D 

TRIAC 

SDT351 1 

SOD 

TIP32B 

PNP-Si 

SC146B 

GE 

TIC226B 

TRIAC 

SDT3512 

SOD 

TIP32C 

PNP-Si 

SC146D 

GE 

TIC226D 

TRIAC 

SDT3513 

SOD 

TIP32 

PNP-Si 

SC146E 

GE 

TIC226D 

TRIAC 

SDT3514 

SOD 

TIP32A 

PNP-Si 

SC240B 

GE 

TIC226B 

TRIAC 

SDT3515 

SOD 

TIP32B 

PNP-Si 

SC240D 

GE 

TIC226D 

TRIAC 

SDT3516 

SOD 

TIP32C 

PNP-Si 

SC240E 

GE 

TIC226D 

TRIAC 

SDT3575 

SOD 

TIP30 

PNP-Si 

SC241B 

GE 

TIC226B 

TRIAC 

SDT3576 

SOD 

TIP30A 

PNP-Si 

SC241D 

GE 

TIC226D 

TRIAC 

SDT3577 

SOD 

TIP30B 

PNP-Si 

SC241E 

GE 

TIC226D 

TRIAC 

SDT3578 

SOD 

TIP30 

PNP-Si 

SC245B 

GE 

TIC226B 

TRIAC 

SDT3579 

SOD 

TIP30A 

PNP-Si 

SC245D 

GE 

TIC226D 

TRIAC 

SDT3701 

SOD 

TIP42 

PNP-Si 

SC245E 

GE 

TIC226D 

TRIAC 

SDT3702 

SOD 

TIP42A 

PNP-Si 

SC246B 

GE 

TIC226B 

TRIAC 

SDT3703 

SOD 

TIP42 

PNP-Si 

SC246D 

GE 

TIC226D 

TRIAC 

SDT3704 

SOD 

TIP42A 

PNP-Si 

SC246E 

GE 

TIC226D 

TRIAC 

SDT3705 

SOD 

TIP42B 

PNP-Si 

SC250B 

GE 

TIC236B 

TRIAC 

SDT3706 

SOD 

TIP42 

PNP-Si 

SC250D 

GE 

TIC236D 

TRIAC 

SDT3707 

SOD 

TIP42 

PNP-Si 

SC250E 

GE 

TIC236D 

TRIAC 

SDT3708 

SOD 

TIP42A 

PNP-Si 

SC251B 

GE 

TIC236B 

TRIAC 

SDT3709 

SOD 

TIP42 

PNP-Si 

SC251D 

GE 

TIC236D 

TRIAC 

SDT3710 

SOD 

TIP42 

PNP-Si 

SC251E 

GE 

TIC236D 

TRIAC 

SDT371 1 

SOD 

TIP42A 

PNP-Si 

SCC321 

FSC 

TIP35A 

NPN-Si 

SDT3712 

SOD 

TIP42 

PNP-Si 

SCC421 

FSC 

TIP36A 

PNP-Si 

SDT3713 

SOD 

TIP42A 

PNP-Si 

SCD321 

FSC 

TIP33B 

NPN-Si 

SDT3714 

SOD 

TIP42A 

PNP-Si 

SCD421 

FSC 

TIP36B 

PNP-Si 

SDT3715 

SOD 

TIP42 

PNP-Si 

SCE321 

FSC 

TIP33C 

NPN-Si 

SDT3716 

SOD 

TIP42 

PNP-Si 

SCE421 

FSC 

TIP36C 

PNP-Si 

SDT3717 

SOD 

TIP42A 

PNP-Si 

SDI345 

FSC 

TIP41 

NPN-Si 

SDT3718 

SOD 

TIP42B 

PNP-Si 

SDI445 

FSC 

TIP42 

PNP-Si 

SDT3719 

SOD 

TIP42C 

PNP-Si 

SDJ345 

FSC 

TIP41 

NPN-Si 

SDT3720 

SOD 

TIP42 

PNP-Si 

SDJ445 

FSC 

TIP42 

PNP-Si 

SDT3721 

SOD 

TIP42 

PNP-Si 

SDK345 

FSC 

TIP41 

NPN-Si 

SDT3722 

SOD 

TIP42A 

PNP-Si 

SDK445 

FSC 

TIP42 

PNP-Si 

SDT3723 

SOD 

TIP42B 

PNP-Si 

SDL345 

FSC 

TIP41A 

NPN-Si 

SDT3724 

SOD 

TIP42C 

PNP-Si 

SDL445 

FSC 

TIP42A 

PNP-Si 

SDT3725 

SOD 

TIP42 

PNP-Si 

SDM345 

FSC 

TIP41 

NPN-Si 

SDT3726 

SOD 

TIP42 

PNP-Si 

SDM445 

FSC 

TIP42 

PNP-Si 

SDT3727 

SOD 

TIP42A 

PNP-Si 

SDN345 

FSC 

TIP41A 

NPN-Si 

SDT3728 

SOD 

TIP42B 

PNP-Si 

SDN445 

FSC 

TIP42A 

PNP-Si 

SDT3729 

SOD 

TIP42 

PNP-Si 

SD0345 

FSC 

TIP41B 

NPN-Si 

SDT3730 

SOD 

TIP42A 

PNP-Si 

SD0445 

FSC 

TIP42B 

PNP-Si 

SDT3731 

SOD 

TIP42A 

PNP-Si 

SDP345 

FSC 

TIP41C 

NPN-Si 

SDT3732 

SOD 

TIP42C 

PNP-Si 

SDP445 

FSC 

TIP42C 

PNP-Si 

SDT3733 

SOD 

TIP42 

PNP-Si 

SDT402 

SOD 

TIP54 

NPN-Si 

SDT3750 

SOD 

TIP34 

PNP-Si 

SDT410 

SOD 

TIP51 

NPN-Si 

SDT3751 

SOD 

TIP34A 

PNP-Si 

SDT41 1 

SOD 

TIP52 

NPN-Si 

SDT3752 

SOD 

TIP34 

PNP-Si 

SDT423 

SOD 

TIP54 

NPN-Si 

SDT3753 

SOD 

TIP34A 

PNP-Si 

SDT3509 

SOD 

TIP32 

PNP-Si 

SDT3754 

SOD 

TIP34B 

PNP-Si 


Refer to page 2-17 for key to manufacturers. 
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TYPE 

MANUFACTURER 

FOR NEW DESIGN 

CLASS 

TYPE 

MANUFACTURER 

FOR NEW DESIGN 

CLASS 

SDT3755 

SOD 

TIP34C 

PNP-Si 

SDT7602 

SOD 

TIP33A 

NPN-Si 

SDT3756 

SOD 

TIP34 

PNP-Si 

SDT7603 

SOD 

TIP33B 

NPN-Si 

SDT3757 

SOD 

TIP34 

PNP-Si 

SDT7607 

SOD 

TIP33 

NPN-Si 

SDT3758 

SOD 

TIP34A 

PNP-Si 

SDT7608 

SOD 

TIP33A 

NPN-Si 

SDT3759 

SOD 

TIP34B 

PNP-Si 

SDT7609 

SOD 

TIP33B 

NPN-Si 

SDT3760 

SOD 

TIP34C 

PNP-Si 

SDT7731 

SOD 

2N5301 

NPN-Si 

SDT3761 

SOD 

TIP34 

PNP-Si 

SDT7732 

SOD 

2N5301 

NPN-Si 

SDT3762 

SOD 

TIP34 

PNP-Si 

SDT7733 

SOD 

2N5301 

NPN-Si 

SDT3763 

SOD 

TIP34A 

PNP-Si 

SDT7734 

SOD 

2N5301 

NPN-Si 

SDT3764 

SOD 

TIP34B 

PNP-Si 

SDT9201 

SOD 

TIP35 

NPN-Si 

SDT3765 

SOD 

TIP34C 

PNP-Si 

SDT9202 

SOD 

TIP35B 

NPN-Si 

SDT3766 

SOD 

TIP34 

PNP-Si 

SDT9203 

SOD 

TIP35C 

NPN-Si 

SDT3825 

SOD 

TIP34 

PNP-Si 

SDT9204 

SOD 

2N5301 

NPN-Si 

SDT3826 

SOD 

TIP34B 

PNP-Si 

SDT9205 

SOD 

TIP35 

NPN-Si 

SDT3827 

SOD 

TIP34 

PNP-Si 

SDT9206 

SOD 

TIP35A 

NPN-Si 

SDT3875 

SOD 

TIP36 

PNP-Si 

SDT9207 

SOD 

TIP35B 

NPN-Si 

SDT3876 

SOD 

TIP36A 

PNP-Si 

SDT9208 

SOD 

TIP35C 

NPN-Si 

SDT3877 

SOD 

TIP36 

PNP-Si 

SDT9209 

SOD 

2N5301 

NPN-Si 

SDT5901 

SOD 

TIP41 

NPN-Si 

SDT9210 

SOD 

TIP35 

NPN-Si 

SDT5902 

SOD 

TIP41A 

NPN-Si 

SDT9801 

SOD 

TIP35 

NPN-Si 

SDT5903 

SOD 

TIP41B 

NPN-Si 

SDT9802 

SOD 

TIP35A 

NPN-Si 

SDT5904 

SOD 

TIP41C 

NPN-Si 

SDT9803 

SOD 

TIP35B 

NPN-Si 

SDT7601 

SOD 

TIP33 

NPN-Si 

SDT9804 

SOD 

TIP35C 

NPN-Si 


Refer to page 2-17 for key to manufacturers. 
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PRODUCT SELECTION GUIDE 
HIGH-RELIABILITY SILICON POWER TRANSISTORS 



DEVICE 

TYPE 


2N497 
2N497A 
2N656 
2N656A 
2N498 
2N498A 
2N657 
2N657A 
2N1714 
2N1716 
2N2987 
2N2989 
2N4000 
2N1715 
2N1717 
2N2988 
2N2990 
2N4001 
2N3583 
T 


TIP541 t 

2N5333 

2N1047 

2N1047A 

2N1049 

2N1049A 

2N1049B 

2N2150 

2N2151 

2N4300 

2N4998 

2N 5000 

2N5148 

2N5150 

2N4999 

2N5001 

2N5147 

2N5149 

2N5152 

2N5154 

2N1048 

2N1048A 

2N1048B 

2N1050 



v CEO h FE 


«C V C E 


oacnaii 


v CE(sat) 
MAX @ l C 


0.5 

60 

0.5 

60 

0.5 

100 

0.5 

100 

0.5 

100 

0.5 

100 

1 

60 

1 

60 

1 

80 

1 

80 

1 

80 

1 

100 

1 

100 

1 

100 

1 

100 

1 

100 

1 

175 

1.5 

60 

1.5 

60 


12 
12 

60 30 

60 30 

00 12 


12 
12 
30 
30 
30 
20 
40 I 120 



0.5 10 

0.5 10 


1 

5 

0.85 

1 

5 

0.85 

1 

5 

0.85 

1 

5 

0.85 

1 

5 

0.85 

1 

5 

0.85 

1 

5 

0.85 

1 

5 

0.85 

2.5 

5 

0.75 

2.5 

5 ! 

0.75 

0.5 

10 

7.5 

0.5 

10 

7.5 


Pt 

T C = 25° C 


W 


4 


pt 

T C = 100°C 

PACKAGE 

w 


2.3 

KTO-5) 

2.8 

MTO-5) 

2.3 

KTO-5) 

2.8 

KTO-5) 

2.3 

KTO-5) 

2.8 

KTO-5) 

2.3 

KTO-5) 

2.8 

KTO-5) 

15 

KTO-5) 

15 

KTO-5) 

15 

KTO-5) 

15 

KTO-5) 

15 

KTO-5) 

15 

KTO-5) 

15 

KTO-5) 

15 

KTO-5) 

15 

KTO-5) 

15 

KTO-5) 

20 

5B(TO-66) 

15 

KTO-5) 

15 

S 

4 

PPP(TO-39) 

15 

KTO-5) 

23 

F(TO-57) 

23 

F(TO-57) 

23 

F(TO-57) 

23 

F(TO-57) 

23 

F(TO-57) 

30 

DDCrO-111) 

30 

DDCTO-1 11) 

15 

KTO-5) 

20 

YYYY(TO-59) 

20 

YYYY(TO-59) 

4 

PPPCTO-39) 

4 

PPP(TO-39) 

20 

YYYY(TO-59) 

20 

YYYY(TO-59) 

4 

PPP(TO-39) 

4 

PPPITO-39) 

6.7 

PPPITO-39) 

6.7 

PPPITO-39) 

23 

F(TO-57) 

23 

F(TO-57) 

23 

F(TO-57) 

23 

F(TO-57) 


‘Radiation tolerant 
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PRODUCT SELECTION GUIDE 
HIGH-RELIABILITY SILICON POWER TRANSISTORS 


DEVICE 

TYPE 


TIP503 

TIP505 

TIP504 

TIP506 

TIP507 

TIP508 

TIP521 

TIP522 

2N3584 

2N3585 

2N4240 

2N3902 

2N3021 

2N3024 

TIP501 

2N3719 

2N3022 

2N3025 

TIP502 

2N3720 

2N3023 

2N3026 

2N3418 

2N3420 

2N389 

2N389A 

2N3419 

2N3421 

2N424 

2N424A 

TIP529 

TIP530 

2N5157 

2N5938 

TIP509 

TIP511 

TIP510 

TIP512 

2N4913 

2N4914 

2N2880 

2N5385 

2N1722 

2N1723 

2N1724 

2N1725 



B| 




Pt 

T C = 25° C 

pt 

T C = 100°C 

PACKAGE 

W 

w 



90 
60 
180 
180 
180 
60 
180 
180 
180 
60 
180 
60 
120 
I 12 60 

I 12 60 

60 
120 
| 12 60 

I 12 60 

125 
125 
90 


30 150 

40 200 

40 200 


1.5 

0.75 

1.5 

0.75 

2 

1.5 

2 

1 

2 

2 

0.25 

0.25 

15 

5 

15 

5 

2 

0.25 

2 

0.25 



5B(TO-66) 

YYYY(TO-59) 

5B(TO-66) 

YYYY(TO-59) 

YYYY(TO-59) 

PPP(TO-39) 

YYYY(TO-59) 

PPP(TO-39) 

5B(TO-66) 

5B(TO-66) 

5B(TO-66) 

K(T0-3) 

K(T0-3) 

K(T0-3) 

PPP(T0-39) 


K(TO-3) 

K(T0-3) 

PPP(TO-39) 


D(TO-53) 

D(TO-53) 


D(TO-53) 

D(TO-53) 

N(T0-61) 

5B(TO-66) 

K(T0-3) 


K(TO-3) 

N(T0-61) 

K(T0-3) 

N(T0-61) 

K(T0-3) 

K(T0-3) 

DD(TO-III) 

DD(TO-III) 

D(TO-53) 

D(TO-53) 

N(T0-61) 

N(T0-61) 
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PRODUCT SELECTION GUIDE 
HIGH-RELIABILITY SILICON POWER TRANSISTORS 


1 




hpE @ 

■c 

VCE 

v CE(sat) 
MAX @ l C 

PT 

T C = 25°C 

PT 

T C = 100°C 

PACKAGE 

A 

V 

^^3 

ICTIUM 

A 

D 

V 

A 

W 

w 

2N3996 

NPN 

5 

80 

40 

120 

1 

2 

0.25 

1 


30 

BB(TO-III) 

2N3997 

NPN 

5 

80 

80 

240 

1 

2 

0.25 

1 


30 

BBITO-1 11) 

2N3998 

NPN 

5 

80 

40 

120 

1 

2 

0.25 

1 


30 

DD(TO-III) 

2N3999 

NPN 

5 

80 

80 

240 

1 

2 

0.25 

1 


30 

DD(TO-III) 

2N491 5 

NPN 

5 

80 

25 

100 

2.5 

2 

0.75 

2.5 

87 

50 

K(TO-3) 

2N5384 

PNP 

5 

80 

20 

80 

2 

4 

0.6 

2 


30 

BB(TO-III) 

2N5002 

NPN 

5 

80 

30 

90 

2.5 

5 

0.75 

2.5 

58 

33.3 

YYYY(TO-59) 

2N5004 

NPN 

5 

80 

70 

200 

2.5 

5 

0.75 

2.5 

58 

33.3 

YYYY(TO-59) 

2N5003 

PNP 

5 

80 

30 

90 

2.5 

5 

0.75 

2.5 

58 

33.3 

YYYY(TO-59) 

2N5005 

PNP 

5 

80 

70 

200 

2.5 

5 

0.75 

2.5 

58 

33.3 

YYYY(TO-59) 

2N5151 

PNP 

5 

80 

30 

90 

2.5 

5 

0.75 

2.5 

11.7 

6.7 

PPP(TO-39) 

2N5153 

PNP 

5 

80 

70 

200 

2.5 

5 

0.75 

2.5 

11.7 

6.7 

PPPOTO-39) 

2N1722A 

NPN 

5 

120 

30 

90 

2 

15 

0.6 

2 


50 

D(TO-53) 

2N1724A 

NPN 

5 

120 

30 

90 

2 

15 

0.6 

2 


50 

N(TO-61) 

TIP513 

PNP 

5 

150 

30 

150 

2.5 

4 

1 

2.5 


30 

YYYY(TO-59) 

TIP514 

PNP 

5 

150 

30 

150 

2.5 

4 

1 

2.5 


20 

5B(TO-66) 

TIP523 

PNP 

5 

200 

20 

100 

2.5 

4 

1.5 

2.5 


30 

YYYY(TO-59) 

TIP524 

PNP 

5 

200 

20 

100 

2.5 

4 

1.5 

2.5 


6 

PPP(TO-39) 

TIP525 

NPN 

5 

200 

30 

150 

2.5 

4 

1.2 

2.5 


60 

K(TO-3) 

TIP526 

NPN 

5 

200 

30 

150 

2.5 

4 

1.2 

2.5 


60 

NITO-61) 

TIP544 

PNP 

6 

100 

25 

100 

3 

2 

1 

3 

150 

85 

K(TO-3) 

2N5758 

NPN 

6 

100 

25 

100 

3 

2 

1 

3 

150 

85 

KITO-3) 

TIP545 

PNP 

6 

120 

20 

80 

3 

2 

1 

3 

150 

85 

K(TO-3) 

2N5759 

NPN 

6 

120 

20 

80 

3 

2 

1 

3 

150 

85 

K(TO-3) 

TIP546 

PNP 

6 

140 

15 

60 

3 

2 

1 

3 

150 

85 

K(TO-3) 

2N5760 

NPN 

6 

140 

15 

60 

3 

2 

1 

3 

150 

85 

K(TO-3) 

Til 135 

NPN 

7.5 

50 

30 

120 

2 

4 

1 

2 

80# 

50 

N(TO-61) 

Til 136 

NPN 

7.5 

50 

15 

60 

2 

4 

1 

2 

80# 

50 

N(TO-61) 

Tii 155 ; 

NPN 

7.5 

50 

20 

80 

5 

4 

2.5 

5 

80# 

50 

N(TO-61) 

Til 156 

NPN 

7.5 

50 

10 

40 

5 

4 

2.5 

5 

80# 

50 

NITO-61) 

TI1 133 

NPN 

7.5 

75 

30 

120 

2 

4 


2 

80# 

50 

N(TO-61) 

TI1 134 

NPN 

7.5 

75 

15 

60 

2 

4 

1 

2 

80# 

50 

NCTO-61) 

TI1153 

NPN 

7.5 

75 

20 

80 

5 

4 

2.5 

5 

80# 

50 

N(TO-61) 

TI1 154 

NPN 

7.5 

75 

10 

40 

5 

4 

2.5 

5 

80# 

50 

NITO-61) 

TI1 131 

NPN 

7.5 

100 

30 

120 

2 

4 

1 

2 

80# 

50 

N(TO-61) 

TI1 132 

NPN 

7.5 

100 

15 

60 

2 

4 

1 

2 

80# 

50 

N(TO-61) 

TI1 1 51 

NPN 

7.5 

100 

20 

80 

5 

4 

2.5 

5 

80# 

50 

N(TO-61) 

TI1 152 

NPN 

7.5 

100 

10 

40 

5 

4 

2.5 

5 

80# 

50 

N(TO-61 ) 

2N5387 

NPN 

7.5 

200 

25 

100 

2 

5 

2 

5 


100 

NITO-61) 

TIP535 

NPN 

7.5 

200 

20 

100 

5 

4 

1.2 

5 


100 

KITO-3) 

2N5388 

NPN 

7.5 

250 

25 

100 

2 

5 

2 

5 


100 

NITO-61) 

TIP536 

NPN 

7.5 

300 

20 

100 

5 

4 

1.2 

5 


100 

KITO-3) 

2N5389 

NPN 

7.5 

300 


100 

2 

5 


5 


100 

NITO-61) 

TIP537 

NPN 

7.5 

400 


100 

5 

4 


5 


100 

KITO-3) 

TIP519 

PNP 

8 

150 


150 

4 

4 


4 


50 

KITO-3) 

TIP520 

PNP 

8 

150 


150 

4 

4 


4 


50 

NITO-61) 

TIP527 

PNP 

8 

200 


100 

4 

4 


4 


60 

KITO-3) 


#T C - 55°C 
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PRODUCT SELECTION GUIDE 
HIGH-RELIABILITY SILICON POWER TRANSISTORS 


DEVICE 

TYPE 

POLARITY 


v CEO 




v CE(sat) 
MAX @ l C 


PT 

T C = 100°C 

PACKAGE 

A 

V 

ITHTTi 

[2Q3I 

mm 

KM 


ua 

W 

w 

TIP528 

PNP 

8 

200 

20 


4 

4 

1.5 

4 


60 

N(TO-61) 

TIP542* 

NPN 

10 

45 

40 


5 

4 

0.8 

10 


40 

YYYYITO-59) 

2N3789 

PNP 

10 

60 

25 

90 

1 

2 

1 

4 

150 

85 

K(TO-3) 

2N3713 

NPN 

10 

60 

25 

75 

1 

2 

1 

5 

150 

85 

K(TO-3) 

2N3715 

NPN 

10 

60 

50 

150 

1 

2 

1 

5 

150 

85 

K(TO-3) 

2N3791 

PNP 

10 

60 

50 

180 

1 

2 

1 

5 

150 

85 

K(TO-3) 

TIP543* 

NPN 

10 

65 

40 

200 

5 

4 

0.8 

10 


40 

YYYY(TO-59) 

2N5940 

NPN 

10 

70 

40 

200 

5 

4 

1 

10 


40 

CC(TO-III) 

2N3790 

PNP 

10 

80 

25 

90 

1 

2 

1 

4 

150 

85 

K(TO-3) 

2N3792 

PNP 

10 

80 

50 

180 


2 

1 

5 

150 

85 

KITO-3) 

2N5939 

NPN 

10 

80 

40 

200 


4 

1 



40 

CC(TO-III) 

2N6127 

PNP 

10 

80 

30 

120 

1 

5 

0.9 

5 

100H 

67 

NITO-61) 

2N6128 

NPN 

10 

80 

30 

120 


5 

0.9 

5 

iooU 

67 

N(TO-61) 

2N3714 

NPN 

10 

80 

25 

75 

9 ; 

2 

1 

5 

150 

85 

KITO-3) 

2N3716 

NPN 

10 

80 

50 

150 


2 

1 

5 

150 

85 

KITO-3) 

2N4301 

NPN 

10 

80 

30 

120 

m 

4 

0.4 

5 


50 

NITO-61) 

2N3551 

NPN 

12 

60 

20 

90 

10 

2 

1 

10 


40 

DDD 

2N3552 

NPN 

12 

80 

20 

90 

10 

2 

1 

10 


40 

DDD 

2N5386 

PNP 

12 

80 

20 

80 

6 

4 

0.6 

6 


50 

N(TO-61) 

TIP515 

NPN 

12 

120 

40 

200 

6 

4 

0.8 

6 


80 

K(TO-3) 

TIP517 

NPN 

12 

120 

40 

200 

6 

4 

0.8 

6 


80 

N(TO-61) 

TIP516 

NPN 

12 

150 

40 

200 

6 

4 

0.8 

6 


80 

KITO-3) 

TIP518 

NPN 

12 

150 

40 

200 

6 

4 

0.8 

6 


80 

N(TO-61) 

TIP538 

NPN 

15 

200 

20 

100 

7.5 

4 

0.75 

7.5 


125 

KlTO-3) 

TIP539 

NPN 

15 

300 

20 

100 

7.5 

4 

0.75 

7.5 


125 

KITO-3) 

TIP531 

NPN 

15 

300 

20 

120 

7.5 

4 

1.5 

15 


150 

KITO-3) 

TIP533 

NPN 

15 

300 

20 

120 

7.5 

4 

1.5 

15 


150 

PITO-63) 

TIP540 

NPN 

15 

400 

20 

100 

7.5 

4 

0.75 

7.5 


125 

KITO-3) 

TIP532 

NPN 

15 

400 

20 

120 

7.5 

4 

1.5 

15 


150 

KITO-3) 

TIP534 

NPN 

15 

400 

20 

120 

7.5 

4 

1.5 

15 


150 

PITO-63) 

2N1936 

NPN 

20 

60 

10 

50 

10 

3 

0.75 

10 


150 

PITO-63) 

2N5039 

NPN 

20 

75 

20 


10 

5 

2.5 

20 

140 

80 

KITO-3) 

2N1937 

NPN 

20 

80 

10 

50 

10 

3 

0.75 

10 


150 

PITO-63) 

2N5303 

NPN 

20 

80 

15 

60 

10 

2 

1.5 

15 

200 

114 

KITO-3) 

2N4004 

NPN 

20 

80 

30 

150 

10 

4 

1 

20 


40 

QQ 

2N5038 

NPN 

20 

90 

20 


12 

5 

2.5 

20 

140 

80 

KITO-3) 

2N4005 

NPN 

20 

100 

30 

150 

10 

4 

1 

20 


40 

QQ 

2N3846 

NPN 

20 

200 

10 

60 

10 

3 

0.75 

10 


150 

PITO-63) 

2N3847 

NPN 

20 

300 

10 

60 

10 

3 

0.75 

10 


150 

PITO-63) 

2N3263 

NPN 

25 

60 

20 

55 

15 

2 

1 

20 

83.3 

66.7 

QQ 

2N3265 

NPN 

25 

60 

20 

55 

15 

2 

1 

20 

125 

100 

PITO-63) 

2N3264 

NPN 

25 

90 

20 

80 

15 

3 

1.6 

20 

83.3 

66.7 

QQ 

2N3266 

NPN 

25 

90 

20 

80 

15 

3 

1.6 

20 

125 

100 

PITO-63) 

2N4398 

PNP 

30 

40 

15 

60 

15 

4 

1 

15 

200 

114 

KITO-3) 

2N5301 

NPN 

30 

40 

15 

60 

15 

2 

2 

20 

200 

114 

KITO-3) 

2N4399 

PNP 

30 

60 

15 

60 

15 

4 

1 

15 

200 

114 

KITO-3) 


* Radiation tolerant 
HT C = 50° C 
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PRODUCT SELECTION GUIDE 
GERMANIUM POWER TRANSISTORS 


DEVICE 

TYPE 

■c 

CONTINUOUS 

v CEO 

hpE 

@ Iq 

VCE 

v CE(sat) 
MAX @ l C 

PT 

T C = 25° C 

PACKAGE 

A 

Of 



A 

V 

V 

A 

W 

2N2659 

3 

30 

30 

90 

0.5 

0.5 

0.2 

0.5 

15 

MTO-5) 

2N2662 

3 

30 

30 

90 

0.5 

0.5 

0.2 

0.5 

15 

C 

2N2665 

3 

30 

50 

150 

0.5 

0.5 

0.2 

0.5 

15 

MTO-5) 

2N2668 

3 

30 

50 

150 

0.5 

0.5 

0.2 

0.5 

15 

C 

2N1038 

3 

40 

20 

60 

1 

0.5 

0.25 

1 

20 

KTO-5) 

2N2552 

3 

40 

20 

60 

1 

0.5 

0.25 

1 

20 

C 

2N2556 

3 

40 

20 

60 

1 

0.5 

0.25 

1 

20 

B 

2N2660 

3 

40 

30 

90 

0.5 

0.5 

0.2 

0.5 

15 

KTO-5) 

2N2663 

3 

40 

30 

90 

0.5 

0.5 

0.2 

0.5 

15 

C 

2N2666 

3 

40 

50 

150 

0.5 

0.5 

0.2 

0.5 

15 

KTO-5) 

2N2669 

3 

40 

50 

150 

0.5 

0.5 

0.2 

0.5 

15 

C 

2N2661 

3 

50 

30 

90 

0.5 

0.5 

0.2 

0.5 

15 

KTO-5) 

2N2664 

3 

50 

30 

90 

0.5 

0.5 

0.2 

0.5 

15 

C 

2N2667 

3 

50 

50 

150 

0.5 

0.5 

0.2 

0.5 

15 

KTO-5) 

2N2670 

3 

50 

50 

150 

0.5 

0.5 

0.2 

0.5 

15 

C 

2N1039 

3 

60 

20 

60 

1 

0.5 

0.25 

1 

20 

KTO-5) 

2N2553 

3 

60 

20 

60 

1 

0.5 

0.25 

1 

20 

C 

2N2557 

3 

60 

20 

60 

1 

0.5 

0.25 

1 

20 

B 

2N1040 

3 

80 

20 

60 

1 

0.5 

0.25 

1 

20 

KTO-5) 

2N2554 

3 

80 

20 

60 

1 

0.5 

0.25 

1 

20 

C 

2N2558 

3 

80 

20 

60 

1 

0.5 

0.25 

1 

20 

B 

2N1041 

3 

100 

20 

60 

1 

0.5 

0.25 

1 

20 

KTO-5) 

2N2555 

3 

100 

20 

60 

1 

0.5 

0.25 

1 

20 

C 

2N2559 

3 

100 

20 

60 

1 

0.5 

0.25 

1 

20 

B 

2N1042 

3.5 

30 

20 

60 

3 

1 

0.75 

3 

20 

B 

2N2560 

3.5 

30 

20 

60 

3 

1 

0.75 

3 

20 

C 

2N2564 

3.5 

30 

20 

60 

3 

1 

0.75 

3 

20 

KTO-5) 

2N1043 

3.5 

40 

20 

60 

3 

1 

0.75 

3 

20 

B 

2N2561 

3.5 

40 

20 

60 

3 

1 

0.75 

3 

20 

C 

2N2565 

3.5 

40 

20 

60 

3 

1 

0.75 

3 

20 

KTO-5) 

2N1044 

3.5 

50 

20 

60 

3 

1 

0.75 

3 

20 

B 

2N2562 

3.5 

50 

20 

60 

3 

1 

0.75 

3 

20 

C 

2N2566 

3.5 

50 

20 

60 

3 

1 

0.75 

3 

20 

KTO-5) 

2N1045 

3.5 

60 

20 

60 

3 

1 

0.75 

3 

20 

B 

2N2563 

3.5 

60 

20 

60 

3 

1 

0.75 

3 

20 

C 

2N2567 

3.5 

60 

20 

60 

3 

1 

0.75 

3 

20 

KTO-5) 

2N1529 

5 

20 

20 

40 

3 

2 

1.5 

3 

106 

K(TO-3) 

2N1534 

5 

20 

35 

70 

3 

2 

1.2 

3 

106 

KCTO-3) 

2N1539 

5 

20 

50 

100 

3 

2 

0.3 

3 

106 

K(TO-3) 

2N1544 

5 

20 

75 

150 

3 

2 

0.2 

3 

106 

K(TO-3) 

2N1530 

5 

30 

20 

40 

3 

2 

1.5 

3 

106 

K(TO-3) 

2N1535 

5 

30 

35 

70 

3 

2 

1.2 

3 

106 

K(TO-3) 

2N1540 

5 

30 

50 

100 

3 

2 

0.3 

3 

106 

KITO-3) 

2N1545 

5 

30 

75 

150 

3 

2 

0.2 

3 

106 

K(TO-3) 

2N1531 

5 

40 

20 

40 

3 

2 

1.5 

3 

106 

K(TO-3) 

2N1536 

5 

40 

35 

70 

3 

2 

1.2 

3 

106 

K(TO-3) 
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PRODUCT SELECTION GUIDE 
GERMANIUM POWER TRANSISTORS 


DEVICE 

TYPE 

•c 

CONTINUOUS 

v CEO 

h FE 

*C 

V C E 

v CE{sat) 
MAX @ lc 

PT 

T c - 25° C 

PACKAGE 

A 

HCfll 

cnn 

wm 

A 

V 

V 

A 

W 

2N1541 

5 

40 

50 


3 

2 



106 

K(TO-3) 

2N1546 

5 

40 

75 


3 

2 



106 

K(TO-3) 

2N1532 

5 

50 

20 


3 

2 

1.5 

3 

106 

K(TO-3) 

2N1537 

5 


35 


3 

2 

1.2 

3 

106 

KITO-3) 

2N1542 

5 

50 

50 


3 

2 

0.3 

3 

106 

K(TO-3) 

2N1547 

5 


75 


3 

2 

0.2 

3 

106 

K(TO-3) 

2N1533 

5 

60 

20 


3 

2 

1.5 

3 

106 

K(TO-3) 

2N1538 

5 

60 

35 


3 

2 

1.2 

3 

106 

KITO-3) 

2N1543 

5 

60 

50 


3 

2 

0.3 

3 

106 

K(TO-3) 

2N1548 

5 

60 

75 

150 

3 

2 

0.2 

3 

106 

K(TO-3) 

2N250A 

7 

25 

25 

100 

3 

1.5 

0.7 

3 

90 

K(TO-3) 

2N251A 

7 

35 

25 

100 

3 

1.5 

0.7 

3 

90 

K(TO-3) 

2N456A 

7 

30 

30 

90 

5 

1.5 

0.5 

5 

150 

K(TO-3) 

2N456B 

7 

30 

30 

90 

5 

1.5 

0.5 

5 

150 

K(TO-3) 

2N457A 

7 

40 

30 

90 

5 

1.5 

0.5 

5 

150 

K(TO-3) 

2N457B 

7 

40 

30 

90 

5 

1.5 

0.5 

5 

150 

K(TO-3) 

TI3027 

7 

40 

40 

250 

3 

2 

0.5 

3 

106 

K(TO-3) 

2N458A 

7 

45 

30 

90 

5 

1.5 

0.5 

5 

150 

K(TO-3) 

2N458B 

7 

45 

30 

90 

5 

1.5 

0.5 

5 

150 

KCTO-3) 

TI3028 

7 

50 

40 

250 

3 

2 

0.5 

3 

106 

K(TO-3) 

2N1021 

7 

50 

30 

90 

5 

1.5 

0.5 

5 

150 

KOTO-3) 

2N1021A 

7 

50 

30 

90 

5 

1.5 

0.5 

5 

150 

K(TO-3) 

2N1022 

7 

55 

30 

90 

5 

1.5 

0.5 

5 

150 

K(TO-3) 

2N1022A 

7 

55 

30 

90 

5 

1.5 

0.5 

5 

150 

K(TO-3) 

TI3029 

7 

55 

40 

250 

3 

2 

0.5 

3 

106 

K(TO-3) 

TI3030 

7 

60 

40 

250 

3 

2 

0.5 

3 

106 

K(TO-3) 

TI3031 

7 

65 

40 

250 

3 

2 

0.5 

3 

106 

K(TO-3) 

2N1046 

12 

50 

60 

200 

5 

1.5 

0.4 

5 

50* 

K(TO-3) 

2N3146 

15 

65 

30 

90 

5 

1.5 

0.5 

10 

150 

K(TO-3) 

2N3147 

15 

75 

30 

90 

5 

1.5 

0.5 

10 

150 

KITO-3) 

2N1907 

20 

40 

30 

170 

10 

1.5 

0.4 

5 

60$ 

K(TO-3) 

2N1908 

20 

50 

30 

170 

10 

1.5 

0.4 

5 

60$ 

KITO-3) 

2N511 

25 

30 

20 

60 

10 

2 

0.5 

10 

150 

Q 

2N512 

25 

30 

20 

60 

15 

2 

1 

15 

150 

Q 

2N513 

25 

30 

20 

60 


2 

1.5 

20 

150 

Q 

2N514 

25 

30 

20 

60 


2 

2 

25 

150 

Q 

2N511A 

25 

40 

20 

60 

10 

2 

0.5 

10 

150 

Q 

2N512A 

25 

40 

20 

60 

15 

2 

1 

15 

150 

Q 

2N513A 

25 

40 

20 

60 

20 

2 

1.5 

20 

150 

Q 

2N514A 

25 


20 

60 

25 

2 

2 

25 

150 

Q 

2N511B 

25 

45 

20 

60 

10 

2 

0.5 

10 

150 

Q 

2N512B 

25 

45 

20 

60 

15 

2 

1 1 

15 

150 

Q 

2N513B 

25 

45 

20 

60 

20 

2 

1.5 

20 

150 

Q 

2N514B 

25 

45 

20 

60 

25 

2 

2j 

25 

150 

Q 


+ T C = 75°C 
$T C = 70° C 
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PRODUCT SELECTION GUIDE 
ECONOMY SILICON POWER TRANSISTORS 


plastic single-diffused silicon power transistors 



•c 

v CEO 


hFE 


@ 

v CE(sat) 

PT 



*“ '" w ' 

CONTINUOUS 

■■■ 


■c 

V CE 

MAX @ l C 

25° C 

PACKAGE 

NPN 

PNP 

A 

V 

mm 


A 

V 

V 

A 

■EB 



TIP30 

1 

mmm 

K 


1 

4 

0.7 

1 

30 


TIP29A 

TIP30A 

1 

I f 

■ 

mSM 

1 

4 

0.7 

1 

30 


TIP29B 

TIP30B 

1 


15 

75 

1 

4 

0.7 

1 

30 



TIP30C 

1 

100 

15 

75 

1 

4 

0.7 1 

30 


TIP31 

TIP32 

3 

40 

10 

50 

3 


B 

3 



TIP31A 

TIP32A 

3 

60 

10 

50 

3 


Hi 

3 


GG 

TIP31B 

TIP32B 

3 

80 

10 

50 

3 


H9 

3 


TIP31C 

TIP32C 

3 

100 

10 

50 

3 

4 

1.2 

3 



TIP41 

TIP42 

6 

40 

15 

75 

3 

4 

1.5 

6 

65 


TIP41A 

TIP42A 

6 

60 

15 

75 

3 

4 

1.5 

6 

65 


TIP41B 

TIP42B 

6 

80 

15 

75 

3 

4 

1.5 

6 

65 


TIP41C 

TIP42C 

6 

100 

15 

75 

3 

4 

1.5 

6 

65 


TIP3055 

TIP2955 

15 

60 

20 

70 

4 

4 

3 

10 

90 


TIP33 

TIP34 

10 

40 

20 

100 

3 

4 

4 

10 

80 


TIP33A 

TIP34A 

10 

60 

20 

100 

3 

4 

4 

10 

80 


TIP33B 

TIP34B 

10 

80 

20 

100 

3 

4 

4 

10 

80 

H 

TIP33C 

TIP34C 

10 

100 

20 

100 

3 

4 

4 

10 

80 

TIP35 

TIP36 

25 

40 

10 

50 

15 

4 

4 

25 

125 


TIP3§A 

TIP36A 

25 

60 

10 

50 

15 

4 

4 

25 

125 


TIP35B 

TIP36B 

25 

80 

10 

50 

15 

4 

4 

25 

125 


TIP35C 

TIP36C 

25 

100 

10 

50 

15 

4 

4 

25 

125 



plastic high-voltage power transistors 


TIP47 


1 

250 

30 

150 

0.3 

10 

1 

1 

40 


TIP48 


1 

300 

30 

150 

0.3 

10 

1 

.1 

40 

GG 

TIP49 


1 

350 

30 

150 

0.3 

10 

1 

1 

40 

TIP50 


1 

400 

30 

150 

0.3 

10 

1 

1 

40 


TIP51 


3 

250 

30 

150 

0.3 

10 

1.5 

3 

100 


TIP52 


3 

300 

30 

150 

0.3 

10 

1.5 

3 

100 

u 

TIP53 


3 

350 

30 

150 

0.3 

10 

1.5 

3 

100 

n 

TIP54 


3 

400 

30 

150 

0.3 

10 

1.5 

3 

100 
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PRODUCT SELECTION GUIDE 
ECONOMY SILICON POWER TRANSISTORS 


power darlingtons 


TYPE NO. 

'C 

VcEO 

hFE 

@ l c 

VcE 

v CE(sat) @ 

»c 

■b 

P T f 

PACKAGE 

NPN 


A 

V 

MIN 

A 

V 


A 

mA 

W 



2 

60 

1000 

1 

4 

2.5 

2 

8 

50 




2 

80 

1000 

1 

4 

2.5 

2 

8 

50 




2 

100 

1000 

1 

4 

2.5 

2 

8 

50 














TIPI 20 

TIPI 25 

5 

60 

1000 




3 

12 

65 


TIP121 

TIPI 26 

5 

80 

1000 




3 

12 

65 


TIP122 

TIPI 27 

5 

100 

1000 

3 


2 

3 

12 

65 


TIP140 

TIP145 

10 

60 

1000 

5 

4 

2 

5 

10 

125 


TIP141 

TIP146 

10 

80 

1000 

5 

4 

2 

5 

10 

125 

H 

TIP142 

TIP147 

10 

100 

1000 

5 

4 

2 

5 

10 

125 


TIP640 

TIP645 

10 

60 

1000 

5 

4 

2 

5 

10 

175 

K 

TIP641 

TIP646 

10 

80 

1000 

5 

4 

2 

5 

10 

175 

(TO-3) 

TIP642 

TIP647 

10 

100 

1000 

5 

4 

2 

5 

10 

175 



t T c = 25° C 
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PRODUCT SELECTION GUIDE 
ECONOMY SILICON POWER TRANSISTORS 


power transistors in TO-3 hermetic cases 




■c 

VCEO 

h FE 


@ 

Vce(sat) 

ft 



CONTINUOUS 

MIN 

MAX 

»c 

V C E 

MAX @ l C 

25°C 

PACKAGE 

l\rf»N 

PIMP 

A 

V 

A 

V 

V 

A 

KM 


2N5067 

2N4901 


40 

20 

80 

1 

2 

1.5 

5 

87.5 


2N5068 

2N4902 


60 

20 

80 

1 

2 

1.5 

5 

87.5 


2N5069 

2N4903 


SO 

20 

80 

1 

2 

1.5 

5 

87.5 


2N4913 

2N4904 


40 

25 

100 

2.5 

2 

1.6 

5 

87.5 


2N4914 

2N4905 


60 

25 

100 

2.5 

2 

1.5 

5 

87.5 


2N4915 

2N4906 


80 

25 

100 

2.5 

2 

1.5 

5 

87.5 


2N5869 

2N5867 

5 

60 

20 

100 

1.5 

4 

2 

3 

87.5 


2N5870 

2N5868 

5 

80 

20 

100 

1.5 

4 

2 

3 

87.5 


2N5873 

2N5871 

7 

60 

20 

100 

2.5 

4 

2 

5 

115 


2N5874 

2N5872 

7 

80 

20 

100 

2.5 

4 

2 

5 

115 


2N5877 

2N5875 

10 

60 

20 

100 

4 

4 

3 

8 

150 


2N5878 

2N5876 

10 

80 

20 

100 

4 

4 

3 

8 

150 

K 

2N3713 

2N3789 

10 

60 

25 

75 

1 

2 

4 

10 

150 

(TO-3) 

2N3714 

2N3790 

10 

80 

25 

75 

1 

2 

4 

10 

150 


2N3715 

2N379T 

10 

60 

50 

150 

1 

2 

4 

10 

150 


2N3716 

2 N 3792 

10 

80 

50 

150 

1 

2 

4 

10 

150 


2N3055 


18 

60 

20 

70 

4 

4 

8 

10 

115 


2N5881 

2NS879 

15 

60 

20 

100 

6 

4 

4 

12 

160 


2N5882 

2N5880 

15 

80 

20 

100 

6 

4 

4 

12 

160 


2N5885 

2N5883 

25 

60 

20 

100 

10 

4 

4 

20 

200 


2N5886 

2N5884 

25 

80 

20 

100 

10 

4 

4 

20 

200 


2N6326 

2N6329 

30 

60 

12 


15 

4 

3 

30 

200 


2N6327 

2N6330 i' 

30 

80 

12 


15 

4 

3 

30 

200 


2N6328 

2N6331 

30 

100 

12 


15 

4 

3 

30 

200 


2N3771 


30 

40 

15 

60 

15 

4 

4 

30 

150 


2N3772 

; 

20 

60 

15 

60 

10 

4 

4 

20 

150 




K(TO-3) 
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PRODUCT SELECTION GUIDE 
ECONOMY THYRISTORS 


plastic triacs 


TYPE NO. 

>T(RMS) 

V DRM 

*TSM 





v ™ ^ 
MAX @ 

■tm 

'H 

MAX 

PACKAGE 


A 

V 

A 

mA 

mA 

V 

V 

V 

A 

mA 


TIC205A 

2 

100 

20 

5 

10 

2 

mm 

1.9 

2.8 

30 

PPP 

TIC205B 

2 

200 

20 

5 

10 

2 

mm 

1.9 

2.8 

30 

(TO-39) 

TIC205D 

2 

400 

20 

5 

10 

2 


1.9 

2.8 

30 

TIC206A 

3 

100 

20 

5 

10 

2 

mm 

2.2 

4.2 

30 


TIC206B 

3 

200 

20 

5 

10 

2 


2.2 

4.2 

30 

GG 

TIC206D 

3 

400 

20 

5 

10 

2 

Kfl 

2.2 

4.2 

30 



3 

100 

20 

wm 

10 


■ I 

2 

4.2 

30 

PPP 

TIC215B 

3 

200 

20 

19 

10 


mm 

2 

4.2 

30 

(TO-39) 


3 

400 

20 

mm 

10 


i 

2 

4.2 

30 

TIC216A 

mm 

100 


mm 

10 


II 

1,7 

8.4 

30 


TIC216B 


200 


HI 

10 


HI 

1.7 

8.4 

30 

GG 

TIC216D 


400 


U 

10 


Kfl 

1.7 

8.4 

30 


TIC226B 


mm 

n 


■■ 



2.1 

12 

60 

GG 

TIC226D 


■a 

n 

ta 

. : 1 1 



2.1 

12 

60 

TIC236B 




50 




2.1 

17 

50 

GG 

TIC236D 




50 




2.1 

17 

50 




n 

mm 


2.5 


1.7 

22.5 

50 

GG 




mm 

mm 


2.5 


1.7 

22.5 

50 

TIC253B 

20 

200 

150 

50 


2.5 

| 

1.7 

28.2 

50 


TIC253D 

20 

400 

150 

50 


2.5 

| 

1.7 

28.2 

50 

H 

TIC253E 

20 

500 

150 

50 


2.5 


1.7 

28.2 

50 

TIC253M 

20 

600 

150 

50 


2.5 


1.7 

28.2 

50 


TIC263B 

25 

200 

175 

50 


2.5 


1.7 

35.2 

50 


TIC263D 

25 

400 

175 

50 


2.5 


1.7 

35.2 

50 

H 

TIC263E 

25 

500 

175 

50 


2.5 


1.7 

35.2 

50 

TIC263M 

25 

600 

175 

50 


2.5 


1.7 

35.2 

50 



* Roman numerals designate the Vq, Vg quadrants as explained on page 1-19. 
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PRODUCT SELECTION GUIDE 
ECONOMY THYRISTORS 


economy SCR's 


TYPE NO. 

■t 

Vdrm 

Itsm 

i G t max 

Vgt MAX 

l H MAX 

V T MAX @ 

»T 

PACKAGE 

A 

V 

A 

mA 

V 

mA 

V 

A 

2N3001 

0.35 

30 

6 

0.02 

0.7 

3 

1.2 

0.35 


2N3002 

0.35 

60 

6 

0.02 

0.7 

3 

1.2 

0.35 


2N3003 

0.35 

100 

6 

0.02 

0.7 

3 

1.2 

0.35 


2N3004 

0.35 

200 

6 

0.02 

0.7 

3 

1.2 

0.35 

R 

(TO- 18) 

2N3005 

0.35 

30 

6 

0.2 

0.8 

5 

1.2 

0.35 

2N3006 

0.35 

60 

6 

0.2 

0.8 

5 

1.2 

0.35 


2N3007 

0.35 

100 

6 

0.2 

0.8 

5 

1.2 

0.35 


2N3008 

0.35 

200 

6 

0.2 

0.8 

5 

1.2 

0.35 


TIC44 

0.6 

30 

6 

0.2 

0.8 

5 

1.4 

0.3 


TIC45 

0.6 

60 

6 

0.2 

0.8 

5 

1.4 

0.3 

AAA 

TIC46 

0.6 

100 

6 

0.2 

0.8 

5 

1.4 

0.3 

TIC47 

0.6 

200 

6 

0.2 

0.8 

5 

1.4 

0.3 


TIC60 

0.8 

30 

6 

0.2 

0.8 

5 

1.7 

1.2 


TIC61 

0.8 

60 

6 

0.2 

0.8 

5 

1.7 

1.2 


TJC62 

0.8 

100 

6 

0.2 

0.8 

5 

1.7 

1.2 


TIC63 

0.8 

150 

6 

0.2 

0.8 

5 

1.7 

1.2 


TIC64 

0.8 

200 

6 

0.2 

0.8 

5 

1.7 

1.2 

LLL 

(TO-92) 

2N5060 

0.8 

30 

6 

0.2 

0.8 

5 

1.7 

1.2 

2N5061 

0.8 

60 

6 

0.2 

0.8 

5 

1.7 

1.2 


2N5062 

0.8 

100 

6 

0.2 

0.8 

5 

1.7 

1.2 


2N5063 

0.8 

150 

6 

0.2 

0.8 

5 

1.7 

1.2 


2N5064 

0.8 

200 

6 

0.2 

0.8 

5 

1.7 

1.2 


2N1595 

1 

50 

15 

10 

3 

25 

2 

1 


2N1596 

1 

100 

15 

10 

3 

25 

2 

1 

1 

2N1597 

1 

200 

15 

10 

3 

25 

2 

1 

1 

(TO-5) 

2N1598 

1 

300 

15 

10 

3 

25 

2 

1 

2N1599 

1 

400 

15 

10 

3 

25 

2 

1 


Til 45 AO 

1.6 

50 

30 

25 

3.5 

25 

2 

1 


TI145A1 

1.6 

100 

30 

25 

3.5 

25 

2 

1 


TI145A2 

1.6 

200 

30 

25 

3.5 

25 

2 

1 

(TO-5) 

TI145A3 

1.6 

300 

30 

25 

3.5 

25 

2 

1 

TI145A4 

1.6 

400 

30 

25 

3.5 

25 

2 

1 


TIC39Y 

2 

30 

20 

0.2 

1 

5 

1.75 

2 


TIC39F 

2 

50 

20 

0.2 

1 

5 

1.75 

2 


TIC39A 

2 

100 

20 

0.2 

1 

5 

1.75 

2 

PPP 

TIC39B 

2 

200 

20 

0.2 

1 

5 

1.75 

2 

(TO-39) 

TIC39C 

2 

300 

20 

0.2 

1 

5 

1.75 

2 


TIC39D 

2 

400 

20 

0.2 

1 

5 

1.75 

2 
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PRODUCT SELECTION GUIDE 
ECONOMY THYRISTORS 


economy SCR's 


TYPE NO. 

'T 

V DRM 

! TSM 

l GT MAX 



V T MAX @ 

it 

PACKAGE 

A 

V 

A 

mA 

V 

mA 

V 

A 

2N6332 

2 

30 

20 

0.2 

0.7 

5 

1.75 

2 


2N6333 

2 

50 

20 

0.2 

0.7 

5 

1.75 

2 


2N6334 

2 

100 

20 

0.2 

0.7 

5 

1.75 

2 

PPP 

2N6335 

2 

200 

20 

0.2 

0.7 

5 

1.75 

2 

(TO-39) 

2N6336 

2 

300 

20 

0.2 

0.7 

5 

1.75 

2 


2N6337 

2 

400 

20 

0.2 

0.7 

5 

1.75 

2 


TIC106Y 

5 

30 

30 

0.2 

mm 


1.7 

5 


TIC106F 

5 

50 

30 

0.2 



1.7 

5 


TIC106A 

5 

100 

30 

0.2 



1.7 

5 

GG 

TIC106B 

5 

200 

30 

0.2 

i 

5 

1.7 

5 

TIC106C 

5 

300 

30 

0.2 

i 

5 

1.7 

5 


TIC106D 

5 

400 

30 

0.2 

i 

5 

1.7 

5 


TIC116F 

8 

50 

80 

20 

1.5 

40 

1.7 

8 


TIC116A 

8 

100 

80 

20 

1.5 

40 

1.7 

8 


TIC116B 

8 

200 

80 

20 

1.5 

40 

1.7 

8 


TIC116C 

8 

300 

80 

20 

1.5 

40 

1.7 

8 

GG 

TIC116D 

8 

400 

80 

20 

1.5 

40 

1.7 

8 


TIC116E 

8 

500 

80 

20 

1.5 

40 

1.7 

8 


TIC116M 

8 

600 

80 

20 

1.5 

40 

1.7 

8 


TIC126F 

12 

50 

100 

20 

1.5 

40 

1.4 

12 


TIC126A 

12 

100 

100 

20 

1.5 

40 

1.4 

12 


TIC126B 

12 

200 

100 

20 

1.5 

40 

1.4 

12 


TIC126C 

12 

300 

100 

20 

1.5 

40 

1.4 

12 

GG 

TIC126D 

12 

400 

100 

20 

1.5 

40 

1.4 

12 


TIC126E 

12 

500 

100 

20 

1.5 

40 

1.4 

12 


TIC126M 

12 

600 

100 

20 

1.5 

J 

40 

1.4 

12 
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PRODUCT SELECTION GUIDE 
RADIATION-TOLERANT SCR's 


radiation-tolerant SCR's 


DEVICE 

TYPE 

«T 

v D 

ih max 

IqT MAX 

Vt 

MAX @ lj 

1 X 10 14 n/cm 2 

POST IRRADIATION 

PACKAGE 

IqT max 

v T 

MAX @ l T 

A 

V 

mA 

mA 

V 

A 

mA 

V 

A 

TIC35 

0.4 

15 

4 

0.02 

1.6 

MM 

5 

1.6 

mm 


TIC36 

0.4 

30 

4 

0.02 

1.6 

MM 

5 

1.6 

■n 


TIC67 

20 

60 

20 

20 

1.5 

1 I 

40 

1.5 

MM 


TIC68 

20 

80 

20 

20 

15 

Efl 

40 

1.5 

mm 
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Alpha-Numeric Index 

to 

Data Sheets 





ALPHA-NUMERIC INDEX 


ALL TYPES 


TYPE NO. 

SEC.-PAGE 

2N389 

5-11 

2N424 

5-11 

2N456A .... 

6-1 

2N456B .... 

6-5 

2N457A .... 

6-1 

2N457B .... 

6-5 

2N458A .... 

6-1 

2N458B . . . . 

6-5 

2N497 

5-13 

2N498 

5-13 

2N511 

6-11 

2N511A . . . . 

6-11 

2N511B . . . . 

6-11 

2N512 

6-15 

2N512A . . . . 

6-15 

2N512B . . . . 

6-15 

2N656 

5-13 

2N657 

5-13 

2N1021 

6-1 

2N1021A . . . . 

6-5 

2N1022 

6-1 

2N1022A . . . . 

6-5 

2N1038 

6-19 

2N1039 

6-19 

2N1040 

6-19 

2N1041 

6-19 

2N1042 

6-27 

2N1043 

6-27 

2N1044 

6-27 

2N1045 

6-27 

2N1046 

6-35 

2N1047 

5-15 

2N1047A . . . . 

5-15 

2N1047B . . . . 

5-15 

2N1048 

5-15 

2N1048A . . . . 

5-15 

2N1048B . . . . 

5-15 

8N1049 

5-15 

2N1049A . . . . 

5-15 

2N1049B . . . . 

5-15 

2N1050 

5-15 

2N1050A . . . . 

5-15 

2N1050B . . . . 

5-15 

2N1529 

6-41 

2N1530 

6-41 

2N1531 

6-41 

2N1532 

6-41 


TYPE NO. 

SEC.-PAGE 

2N1533 

6-41 

2N1534 

6-41 

2N1535 

6-41 

2N1536 

6-41 

2N1537 

6-41 

2N1538 

6-41 

2N1539 

6-41 

2N1540 

6-41 

2N1541 

6-41 

2N1542 

6-41 

2N1543 

6-41 

2N1544 

6-41 

2N1545 

6-41 

2N1546 

6-41 

2N1547 

6-41 

2N1548 

6-41 

2N1595 

7-1 

2N1596 

7-1 

2N1597 

7-1 

2N1598 

7-1 

2N1599 

7-1 

2N1714 

5-23 

2N1715 

5-23 

2N1716 

5-23 

2N1717 

5-23 

2N1718 

5-23 

2N1719 

5-23 

2N1720 

5-23 

2N1721 

5-23 

2N1722 

5-31 

2N1722A . . . . 

5-39 

2N1723 

5-41 

2N1724 

5-31 

2N1724A . . . . 

5-39 

2N1725 

5-41 

2N1907 

6-49 

8N1908 

6-49 

2N1936 

5-43 

2N1937 

5-43 

2N2150 

5-51 

2N2151 

5-51 

2N2552 

6-19 

2N2553 

6-19 

2N2554 

6-19 

2N2555 

6-19 

2N2556 

6-19 

2N2557 

6-19 
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ALPHA-NUMERIC INDEX 


TYPE NO. SEC.-PAGE 

2N2558 6-19 

2N2559 6-19 

2N2560 6-27 

2N2561 6-27 

2N2562 6-27 

2N2563 6-27 

2N2564 . 6-27 

2N2J565. 6-27 

2N2566 6-27 

2N2567 6-27 

2N2659 6-57 

2N2660 6-57 

2N2661 6-57 

■ 2N2662 6-57 

2N2663 6-57 

2N2664 6-57 

2N2665 6-57 

2N2666 6-57 

2N2667 6-57 

2N2668 6-57 

2N2669 6-57 

2N2670 6-57 

2N2880 5-57 

2N2987 5-63 

2N2988 5-63 

2N2989 5-63 

2N2990 5-63 

2N2991 5-63 

2N2992 5-63 

2N2993 5-63 

2N2994 5-63 

2N3001 7-5 

2N3002 7-5 

2N3003 7-5 

2N3004 7-5 

2N3005 7-11 

2N3006 7-11 

2N3007 7-11 

2N3008 7-11 

2N3021 5-71 

2N3022 5-71 

2N3023 5-71 

2N3024 5-71 

2N3025 5-71 

2N3026 5-71 

2N3055 . 5-75 

2N3146 6-65 

2N3147 6-65 

2N3263 5-77 


TYPE NO. 

2N3264 

2N3265 

2N3266 

2N3418 

2N3419 

2N3420 

2N3421 

2 N 3439 

2N3440 

2N3551 

2N3552 

2N3583 

2N3584 

2N3585 

2N3713 

2N3714 

2N3715 

2N3716 

2N3719 

2N3720 

2N3771 

2N3772 

2N3789 

2N3790 

2N3791 

2N3792 

2 N 3846 

2N3847 

2N3902 

2N3996 

2N3997 

2N3998 

2N3999 

2N4000 . 

2N4001 

2N4002 

2N4003 

2N4004 

2N4005 

2N4240 

2N4300 

2N4301 

2N4398 

2N4399 

2N4901 

2N4902 

2N4903 

2N4904 

2N4905 


SEC.-PAGE 
. 5-77 

. 5-77 

. 5-77 

. 5-81 

. 5-81 

. 5-81 

. 5-81 

. 5-87 

. 5-87 

. 5-91 

. 5-91 

. 5-95 

. 5-95 

. 5-95 

. 5-99 
. 5-99 
. 5-99 

. 5-99 
. 5-105 

. 5-105 

. 5-109 
. 5-109 

. 5-111 

. 5-111 

,*h 5-111 
. 5-111 

. 5-117 

. 5-117 

. 5-123 

. 5-127 

. 5-127 

. 5-127 

. 5-127 

. 5-133 

. 5-133 

. 5-139 

. 5-139 

. 5-145 

. 5-145 

. 5-95 

. 5-151 

. 5-157 

. 5-163 

. 5-163 

. 5-167 

. 5-167 

. 5-167 

. 5-171 

. 5-171 
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TYPE NO. 

2N4906 

2N4913 

2N4914 

2N4915 

2N4998 

2N4999 

2N5000 

2N5001 

2N5002 

2N5003 

2N5004 

2N5005 

2N5038 

2N5039 

2N5060 

2N5061 

2N5062 

2N5063 

2N5064 

2N5067 

2N5068 

2N5069 

2N5147 

2N5148 

2N5149 

2N5150 

2N51 51 

2N5152 

2N5153 

2N5154 

2N5157 

2N5241 

2N5301 

2N5302 

2N5303 

2N5333 

2N5384 

2N5385 

2N5386 

2N5387 

2N5388 

2N5389 

2N5390 

2N5671 

2N5672 

2N5683 

2N5684 

2N5685 

2N5686 


SEC.-PAGE 
. 5-171 

. 5-175 

. 5-175 

. 5-175 

. 5-181 

. 5-185 

. 5-181 

. 5-185 

. 5-189 

. 5-193 

. 5-189 

. 5-193 

. 5-197 

. 5-197 

. 7-19 

. 7-19 

. 7-19 

. 7-19 

. 7-19 

. 5-199 

. 5-199 

. 5-199 

. 5-185 

. 5-181 

. 5-185 

. 5-181 

. 5-193 

. 5-189 

. 5-193 

. 5-189 

. 5-203 

. 5-207 

. 5-211 

. 5-21 1 

. 5-211 

. 5-217 

. 5-223 

. 5-223 

. 5-227 

. 5-231 

. 5-231 

. 5-231 

. 5-237 

. 5-243 

. 5-243 

. 5-247 

. 5-247 

. 5-249 

. 5-249 


TYPE NO. 

2N5758 

2N5759 

2N5760 

2N5867 

2N5868 

2N5869 

2N5870 

2N5871 

2N5872 

2N5873 

2N5874 

2N5875 

2N5876 

2N5877 

2N5878 

2N5879 

2N5880 

2N5881 

2N5882 

2N5883 

2N5884 

2N5885 

2N5886 

2N5938 

2N5939 

2N5940 

2N6127 

2N6128 

2N6270 

2N6271 

2N6272 

2N6273 

2N6322 

2N6323 

2N6324 

2N6325 

2N6326 

2N6327 

2N6328 

2N6329 

2N6330 

2N6331 

2N6332 

2N6333 

2N6334 

2N6335 

2N6336 

2N6337 

TI145A0 


SEC.-PAGE 
. 5-251 

. 5-251 

. 5-251 

. 5-253 

. 5-253 

. 5-255 

. 5-255 

. 5-257 

. 5-257 

. 5-259 

. 5-259 

. 5-261 

. 5-261 

. 5-263 

. 5-263 

. 5-265 

. 5-265 

. 5-267 

. 5-267 

. 5-269 

. 5-269 

. 5-271 

. 5-271 

. 5-273 

. 5-279 

. 5-279 

. 5-285 

. 5-289 

. 5-293 

. 5-293 

. 5-293 

. 5-293 

. 5-297 

. 5-297 

. 5-297 

. 5-297 

. 5-301 

. 5-301 

. 5-301 

. 5-305 

. 5-305 

. 5-305 

. 7-23 

. 7-23 

. 7-23 

. 7-23 

. 7-23 

. 7-23 

. 7-25 
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4-4 


TYPE NO. 
TI145A1 
TI145A2 
TI145A3 
TI145A4 
Til 56 
TI156L . 
Til 59 
TI160 . 

TI161 
TI162 
TI486 
TI487 
Til 131 . 

Til 132 . 

Til 133 . 
Til 134 . 

TI1135 . 
Til 136 . 

Til 151 . 

TI1152 . 

TI1153 . 

Til 154 . 

Til 155 . 

Til 156 . 

TI3027 . 

TI3028 . 

TI3029 . 

TI3030 . 

TI3031 . 

TIC35 . 
TIC36 . 
TIC39 . 
TIC44 . 
TIC45 
TIC46 . 
TIC47 
TIC60 . 
TIC61 . 
TIC62 . 
TIC63 . 
TIC64 . 
TIC67 
TIC68 . 
TIC106 . 
TIC116 . 
TIC126 . 
TIC205 . 
TIC206 . 
TIC215 . 


SEC.-PAGE 
. 7-25 

. 7-25 

. 7-25 

. 7-25 

. 6-67 

. 6-67 

. 6-69 

. 6-69 

. 6-69 

. 6-69 

. 5-309 

. 5-309 

. 5-315 

. 5-315 

. 5-315 

. 5-315 

. 5-315 

. 5-315 

. 5-317 

. 5-317 

. 5-317 

. 5-317 

. 5-317 

. 5-317 

. 6-73 

. 6-73 

. 6-77 

. 6-77 

. 6-77 

. 7-27 

. 7-27 

. 7-35 

. 7-37 

. 7-37 

. 7-37 

. 7-37 

. 7-19 

. 7-19 

. 7-19 

. 7-19 

. 7-19 

. 7-43 

. 7-43 

. 7-45 

. 7-51 

. 7-51 

. 7-57 

. 7-57 

. 7-59 


TYPE NO. 

TIC216 , 

TIC226B 

TIC226D 

TIC236 

TIC246 

TIC253 

TIC263 

TIP29 

TIP29A 

TIP29B 

TIP29C 

TIP30 

TIP30A 

TIP30B 

TIP30C 

TIP31 

TIP31A 

TIP31B 

TIP31C 

TIP32 

TIP32A 

TIP32B 

TIP32C 

TIP33 

TIP33A 

TIP33B 

TIP33C 

TIP34 

TIP34A 

TIP34B 

TIP34C 

TIP35 

TIP35A 

TIP35B 

TIP35C 

TIP36 

TIP36A 

TIP36B 

TIP36C 

TIP41 

TIP41A 

TIP41B 

TIP41C 

TIP42 

TIP42A 

TIP42B 

TIP42C 

TIP47 

TIP48 
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. 7-59 

. 7-61 

. 7-61 

. 7-65 

. 7-65 

. 7-67 

. 7-67 

. 5-319 

. 5-319 

. 5-319 

. 5-319 

. 5-323 

. 5-323 

. 5-323 

. 5-323 

. 5-327 

. 5-327 

. 5-327 

. 5-327 

. 5-331 

. 5-331 

. 5-331 

. 5-331 

. 5-335 

. 5-335 

. 5-335 

. 5-335 

. 5-339 

. 5-339 

. 5-339 

. 5-339 

. 5-343 

. 5-343 

. 5-343 

. 5-343 

. 5-347 

. 5-347 

. 5-347 

. 5-347 

. 5-351 

. 5-351 

. 5-351 

. 5-351 

. 5-355 

. 5-355 

. 5-355 

. 5-355 

. 5-359 

. 5-359 
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TYPE NO. 

TIP49 

TIP50 

TIP51 

TIP52 

TIP53 

TIP54 

TIP1 10 

TIP1 1 1 

TIP1 12 

TIP1 15 

TIP1 16 

TIP1 17 

TIP120 

TIP121 

TIPI 22 

TIP125 

TIP126 

TIP127 

TIP140 

TIP141 

TIP142 

TIP145 

TIP146 

TIPI 47 

TIP501 

TIP502 

TIP503 

TIP504 

TIP505 

TIP506 

TIP507 

TIP508 

TIP509 

TIP510 

TIP511 

TIP512 

TIP513 

TIP514 

TIP515 

TIP516 

TIP517 

TIP518 

TIP519 

TIP520 

TIP521 

TIP522 

TIP523 


SEC.-PAGE 

. 5-359 

. 5-359 

. 5-363 

. 5-363 

. 5-363 

. 5-363 

. 5-367 

. 5-367 

. 5-367 

. 5-371 

. 5-371 

. 5-371 

. 5-375 

. 5-375 

. 5-375 

. 5-379 

. 5-379 

. 5-379 

. 5-383 

. 5-383 

. 5-383 

. 5-387 

. 5-387 

. 5-387 

. 5-391 

. 5-391 

. 5-395 

. 5-395 

. 5-395 

. 5-395 

. 5-397 

. 5-397 

. 5-399 

. 5-399 

. 5-399 

. 5-399 

. 5-401 

. 5-401 

. 5-403 

. 5-403 

. 5-403 

. 5-403 

. 5-405 

. 5-405 

. 5-407 

. 5-407 

. 5-409 


TYPE NO. 

TIP524 

TIP525 

TIP526 

TIP527 

TIP528 

TIP529 

TIP530 

TIP531 

TIP532 

TIP533 

TIP534 

TIP535 

TIP536 

TIP537 

TIP538 

TIP539 

TIP540 

TIP541 

TIP542 

TIP543 

TIP544 

TIP545 

TIP546 

TIP640 

TIP641 

TIP642 

TIP645 

TIP646 

TIP647 

TIP2955 

TIP3055 

TIXH601 

TIXH602 

TIXH603 

TIXH604 

TIXH701 

TIXH702 

TIXH703 

TIXH704 

TIXH801 

TIXH802 

TIXH803 

TIXH804 

T1XH805 

TIXH806 

TIXP547 

TIXP548 

TIXP549 


SEC.-PAGE 
. 5-409 

. 5-41 1 

. 5-411 

. 5-413 

. 5-413 

. 5-415 

. 5-415 

. 5-417 

. 5-417 

. 5-417 

. 5-417 

. 5-419 

. 5-419 

. 5-419 

. 5-421 

. 5-421 

. 5-421 

. 5-423 

. 5-425 

. 5-427 

. 5-429 

. 5-429 

. 5-429 

. 5-433 

. 5-433 

. 5-433 

. 5-437 

. 5-437 

. 5-437 

. 5-441 

. 5-445 

. 9-3 

. 9-5 
. 9-7 

. 9-7 

. 9-9 

. 9-11 

. 9-13 

. 9-15 

. 9-17 

. 9-17 

. 9-19 

. 9-19 

. 9-21 

. 9-25 

. 5-431 

. 5-431 

. 5-431 
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ALPHA-NUMERIC INDEX 


SILICON POWER TRANSISTORS 



TYPE NO. 

2N389 . 




SEC. -PAGE 

. 5-11 

2N424 . 




. 5-11 

2N497 . 




. 5-13 

2N498 . 




. 5-13 

2N656 . 




. 5-13 

2N657 . 




. 5-13 

2N1047 




. 5-15 

2N1047A 




. 5-15 

2N1047B 




. 5-15 

2N1048 




. 5-15 

2N1048A 




. 5-15 

2N1048B 




. 5-15 

2N1049 




. 5-15 

2N1049A 




. 5-15 

2N1049B 




. 5-15 

2N1050 




. 5-15 

2N1050A 




. 5-15 

2N1050B 




. 5-15 

2N1714 




. 5-23 

2N1715 




. 5-23 

2N1716 




. 5-23 

2N1717 




. 5-23 

2N1718 




. 5-23 

2N1719 




. 5-23 

2N1720 




. 5-23 

2N1721 




. 5-23 

2N1722 




. 5-31 

2N1722A 




. 5-39 

2N1723 




. 5-41 

2N1724 




. 5-31 

2N1724A 




. 5-39 

2N1725 




. 5-41 

2N1936 




. 5-43 

2N1937 




. 5-43 

2N2150 




. 5-51 

2N2151 




. 5-51 

2N2880 




. 5-57 

2N2987 




. 5-63 

2N2988 




. 5-63 

2N2989 




. 5-63 

2N2990 




. 5-63 

2N2991 




. 5-63 

2N2992 




. 5-63 

2N2993 




. 5-63 

2N2994 




. 5-63 

2N3021 




. 5-71 

2N3022 




. 5-71 

2N3023 




. 5-71 


TYPE NO. 

2N3024 




SEC.-PAGE 

. 5-71 

2N3025 




. 5-71 

2N3026 




. 5-71 

2N3055 




. 5-75 

2N3263 




. 5-77 

2N3264 




. 5-77 

2N3265 




. 5-77 

2N3266 




. 5-77 

2N3418 




. 5-81 

2N3419 




. 5-81 

2N3420 




. 5-81 

2N3421 




. 5-81 

2N3439 




. 5-87 

2N3440 




. 5-87 

2N3551 




. 5-91 

2N3552 




. 5-91 

2N3583 




. 5-95 

2N3584 




. 5-95 

2N3585 




. 5-95 

2N3713 




. 5-99 

2N3714 




. 5-99 

2N3715 




. 5-99 

2N3716 




. 5-99 

2N3719 




. 5-105 

2N3720 




. 5-105 

2N3771 




. 5-109 

2N3772 




. 5-109 

2N3789 




. 5-111 

2N3790 




. 5-111 

2N3791 




. 5-111 

2N3792 




. 5-111 

2N3846 




. 5-117 

2N3847 




. 5-117 

2N3902 




. 5-123 

2N3996 




. 5-127 

2N3997 




. 5-127 

2N3998 




. 5-127 

2N3999 




. 5-127 

2N4000 




. 5-133 

2N4001 




. 5-133 

2N4002 




. 5-139 

2N4003 




. 5-139 

2N4004 




. 5-145 

2N4005 




. 5-145 

2N4240 




. 5-95 

2N4300 




. 5-151 

2N4301 




. 5-157 

2N4398 




. 5-163 


TYPE NO. 

2N4399 




SEC.-PAGE 

. 5-163 

2N4901 




. 5-167 

2N4902 




. 5-167 

2N4903 




. 5-167 

2N4904 




. 5-171 

2N4905 




. 5-171 

2N4906 




. 5-171 

2N4913 




. 5-175 

2N4914 




. 5-1 75 

2N4915 




. 5-1 75 

2N4998 




. 5-181 

2N4999 




. 5-185 

2N5000 




. 5-181 

2N5001 




. 5-185 

2N5002 




. 5-189 

2N5003 




. 5-193 

2N5004 




. 5-189 

2N5005 




. 5-193 

2N5038 




. 5-197 

2N5039 




. 5-197 

2N5067 




. 5-199 

2N5068 




. 5-199 

2N5069 




. 5-199 

2N5147 




. 5-185 

2N5148 




. 5-181 

2N5149 




. 5-185 

2N5150 




. 5-181 

2N5151 




. 5-193 

2N5152 




. 5-189 

2N5153 




. 5-193 

2N3154 




. 5-189 

2N5157 




. 5-203 

2N5241 




. 5-207 

2N5301 




. 5-211 

2N5302 




. 5-211 

2N5303 




. 5-211 

2N5333 




. 5-217 

2N5384 




. 5-223 

2N5385 




. 5-223 

2N5386 




. 5-227 

2N5387 




. 5-231 

2N5388 




. 5-231 

2N5389 




. 5-231 

2N5390 




. 5-237 

2N5671 




. 5-243 

2N5672 




. 5-243 

2N5683 




. 5-247 

2N5684 




. 5-247 


TYPE NO. 

2N5685 




SEC.-PAGE 

. 5-249 

2N5686 




. 5-249 

2N5758 




. 5-251 

2N5759 




. 5-251 

2N5760 




. 5-251 

2N5867 




. 5-253 

2N5868 




. 5-253 

2N5869 




. 5-255 

2N5870 




. 5-255 

2N5871 




. 5-257 

2N5872 




. 5-257 

2N5873 




. 5-259 

2N5874 




. 5-259 

2N5875 




. 5-261 

2N5876 




. 5-261 

2N5877 




. 5-263 

2N5878 




. 5-263 

2N5879 




. 5-265 

2N5880 




. 5-265 

2N5881 




. 5-267 

2N5882 




. 5-267 

2N5883 




. 5-269 

2N5884 




. 5-269 

2N5885 




. 5-271 

2N5886 




. 5-271 

2N5938 




. 5-273 

2N5939 




. 5-279 

2N5940 




. 5-279 

2N6127 




. 5-285 

2N6128 




. 5-289 

2N6270 




. 5-293 

2N6271 




. 5-293 

2N6272 




. 5-293 

2N6273 




. 5-293 

2N6322 




. 5-297 

2N6323 




. 5-297 

2N6324 




. 5-297 

2N6325 




. 5-297 

2N6326 




. 5-301 

2N6327 




. 5-301 

2N6328 




. 5-301 

2N6329 




. 5-305 

2N6330 




. 5-305 

2N6331 




. 5-305 

TI486 . 




. 5-309 

TI487 




. 5-309 

Til 131 




. 5-315 

Til 132 




. 5-315 
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TYPE NO. 



SEC.-PAGE 

TI1134 



. 5-315 

Til 135 



. 5-315 

TI1136 



. 5-315 

TI1151 



. 5-317 

Til 152 



. 5-317 

TI1153 



. 5-317 

Til 154 



. 5-317 

TI1155 



. 5-317 

TI1156 



. 5-317 

TIP29 . . 



. 5-319 

TIP29A 



. 5-319 

TIP29B 



. 5-319 

TIP29C 



. 5-319 

TIP30 . . 



. 5-323 

TIP30A 



. 5323 

TIP30B 



. 5323 

TIP30C 



. 5323 

TIP31 . . 



. 5327 

TIP31A 



. 5327 

TIP31B 



. 5327 

TIP31C 



. 5327 

TIP32 . . 



. 5331 

TIP32A 



. 5331 

TIP32B 



. 5331 

TIP32C 



. 5331 

TIP33 . . 



. 5-335 

TIP33A 



. 5335 

TIP33B 



. 5335 

TIP33C 



. 5335 

TIP34 . . 



. 5339 

TIP34A 



. 5339 

TIP34B 



. 5339 

TIP34C 



. 5339 


TYPE NO. 



SEC.-PAGE 

TIP35 . . 



. 5-343 

TIP35A 



. 5343 

TIP35B 



. 5343 

TIP35C 



. 5343 

TIP36 . . 



. 5-347 

TIP36A 



. 5347 

TIP36B 



. 5-347 

TIP36C 



. 5347 

TIP41 . . 



. 5-351 

TIP41A 



. 5351 

TIP41B 



. 5351 

TIP41C 



. 5351 

TIP42 . . 



. 5355 

TIP42A 



. 5355 

TIP42B 



. 5355 

TIP42C 



. 5355 

TIP47 . . 



. 5359 

TIP48 . . 



. 5-359 

TIP49 . . 



. 5-359 

TIP50 . . 



. 5-359 

TIP51 . . 



. 5363 

TIP52 . . 



. 5-363 

TIP53 . . 



. 5-363 

TIP54 . . 



. 5-363 

TIP1 10 



. 5-367 

TIP1 1 1 



. 5-367 

TIP1 12 



. 5-367 

TIP1 15 



. 5-371 

TIP1 16 



. 5-371 

TIP1 17 



. 5-371 

TIPI 20 



. 5-375 

TIP121 



. 5-375 

TIP122 



. 5-375 


TYPE NO. 



SEC. -PAGE 

TIP125 



. 5379 

TIP126 



. 5-379 

TIP127 



. 5379 

TIP140 



. 5-383 

TIP141 



. 5-383 

TIP142 



. 5-383 

TIP145 



. 5387 

TIP146 



. 5-387 

TIP147 



. 5-387 

TIP501 



. 5-391 

TIP502 



. 5-391 

TIP503 



. 5-395 

TIP504 



. 5-395 

TIP505 



. 5395 

TIP506 



. 5-395 

TIP507 



. 5-397 

TIP508 



. 5397 

TIP509 



. 5-399 

TIP510 



. 5-399 

TIP511 



. 5-399 

TIP512 



. 5-399 

TIP513 



. 5401 

TIP514 



. 5-401 

TIP515 



. 5-403 

TIP516 
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SILICON POWER TRANSISTORS 
STANDARD TEST CIRCUITS 


The circuits shown below are used to test many of the silicon power transistors manufactured by Texas Instruments. 
They are taken from the forthcoming JEDEC publication Suggested Standards on Power Transistors. 



TEST CIRCUIT 



5 


VOLTAGE WAVEFORMS 


NOTES: 


A. V gen is a — 30- V pulse (from 0 V) into a 50-S2 termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 15 ns, tf < 15 ns, Z out = 50 £2 t w = 5 Ms, 
duty cycle < 5%. 

C. Waveforms are monitored on an ocsilloscope with the following characteristics: t r < 10 ns, Rj n > 1 M£2, Cj n < 1 1 .5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 

F. Circuit shown is for testing n-p-n transistors. For p-n-p transistors, all voltage supplies and waveforms are reversed and the driver 
transistor is type 2N6128. 



TEST CIRCUIT 


VOLTAGE AND CURRENT WAVEFORMS 


NOTES: A. Input pulse width is increased until the peak collector current reaches the specified value of IcM- 

B. Circuit shown is for testing n-p-n transistors. For p-n-p transistors, all voltage supplies and waveforms are reversed and the driver 
transistor is type 2N6128. 


FIGURE 2— INDUCTIVE LOAD SWITCHING 
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STANDARD MOUNTING HARDWARE FOR POWER TRANSISTORS 


This data sheet identifies those standard hardware kits which are supplied with each device. At additional 
cost, nonstandard hardware items will be supplied. 

The mounting hardware assembly drawings of Section A (Figures 1 through 8) specify the individual hard- 
ware items that are included in each mounting hardware kit. Section A also references the package 
outlines for which each kit is designed and shows the typical thermal resistance associated with the 
mounting hardware. 

Section B contains mechanical drawings of the individual hardware items that are referenced in Figures 1 
through 8. 


DIRECTORY 


OUTLINE 

KIT 

TO-3 

7 

TO-5 

1 

TO-33 

t 

TO-39 

1 

TO-53 

4 

TO-57 

3 

TO-59 

8 

TO-60 

8 

TO-61 Unisolated 

5 

TO-63 

6 

TO-111 Unisolated 

2 

TO-111 Isolated 

8 


Texas Instruments reserves the right to substitute similar parts at any time in order to expedite delivery or improve design. 
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STANDARD MOUNTING HARDWARE FOR POWER TRANSISTORS 
BULLETIN NO. DL-S 718870, JANUARY 1971 
REVISED SEPTEMBER 1971 



STANDARD MOUNTING HARDWARE FOR POWER TRANSISTORS 



SECTION A — MOUNTING HARDWARE ASSEMBLY DRAWINGS 


MOUNTING KIT 1 
for 

TO-5, TO-33, AND TO-39 
PACKAGE OUTLINES 




MOUNTING KIT 2 
for 

TO-111 AND OTHER 
7/16-INCH STUD PACKAGE OUTLINES 
(INSULATION REQUIRED) 


Item 10 — Teflorvlnsulator Sleeve 
Dwg . 10-41-024-008 




Item 6 — Mica Insulating Washer, 

Dwg. 10-31-188-018 

Item 17 — Cadmium-Plated, Chromate-Treated, 
Carbon-Steel Flat Washer, Dwg. 10-31-188-040 

item 20 — Cadmium-Plated, Chromate-Treated, 
Carbon-Steel Internal -Tooth Lock Washer, 

Dwg. 10-31-152-006 
Item 25 — Cadmium-Plated, Chromate-Treated, 

Carbon-Steel Hex Nut, Dwg. 10-31-036-009 

FIGURE 2 


Item 6 — Mica Insulating Washer, 
Dwg. 10-31-188-018 


Chassis or Heat Sink 


TYPICAL THERMAL RESISTANCEf j 

0C-HS 

3.8 

deg/W 


t #c-HS ' s *^ e resistance from the mounting base of the semiconductor-device case to the mounting surface of the heat sink. The heat sink used to 

determine this value was a smooth, flat, copper plate, with the thermocouple mounted 0.05 inch below the mounting surface in an area beneath the device. 
The device was mounted directly to a clean, dry, heat-sink surface, without the use of a thermal compound and a torque of ten inch-pounds was applied to 
the stud or each of the mounting screws. 

$ Trademark of E. I. duPont 
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STANDARD MOUNTING HARDWARE FOR POWER TRANSISTORS 


SECTION A - MOUNTING HARDWARE ASSEMBLY DRAWINGS 


MOUNTING KIT 3 
for 

TO-57 PACKAGE OUTLINE 



| TYPICAL THERMAL RESISTANCE! ] 

0C-HS 

15 

deg/W 



Note: Insulate Leads from Heat Sink 


Item 5a-Mica Insulator 

Dwg. 10-31-188-108 

Heat Sink 

12 — Fiberfil § Nylon G-3 Insulating Sleeve 
. 10-31-483-025 

' Item 5a-Mica Insulator Dwg. 10-31-188-108 
' Item 16 — Cadmium-Plated, Chromate-Treated, 

Brass Flat Washer, Dwg. 10-31-159-001 

Item 21 — Cadmium-Plated, Chromate-Treated, 

Carbon-Steel Internal -Tooth Lock Washer, 

Dwg. 10-31-155-001 



Item 26 — Cadmium-Plated, Chromate-Treated, 
Brass Hex Nut, Dwg. 10-31-041-001 



FIGURE 3 



FIGURE 4 

t0 c . H s is the thermal resistance from the mounting base of the semiconductor-device case to the mounting surface of the heat sink. The heat sink used to deter- 
mine this value was a smooth, flat, copper plate, with the thermocouple mounted 0.05 inch below the mounting surface in an area beneath the device. The 
device was mounted directly to a clean, dry, heat-sink surface, without the use of a thermal compound and a torque of ten inch-pounds was applied to the stud 
or each of the mounting screws. 

§Trademark of Cedar Plastics 
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STANDARD MOUNTING HARDWARE FOR POWER TRANSISTORS 


SECTION A - MOUNTING HARDWARE ASSEMBLY DRAWINGS 


MOUNTING KIT 5 
for 

TO-61 PACKAGE OUTLINE 





Item 9 — Fiberfil § Nylon 
G-3 Insulator Sleeve, 
Dwg. 10-31-116-001 




Item 7 — Mica Insulating Washer 
Dwg. 10-31-199-001 


Chassis or Heat Sink 


Item 7 — Mica Insulating Washer 
Dwg. 10-31-199-001 

Item 18 — Bright-Nickel-Plated, Carbon-Steel 
Flat Washer, Dwg. 10-31-150-035 


Item 22 — Bright-Nickel-Plated, Carbon-Steel 
Internal -Tooth Lock Washer, Dwg. 10-31-152-017 

Item 27 — Bright-Nickel-Plated, Brass 

Hex Nut, Dwg. 10-31-036-016 FIGURE 5 


[ TYPICAL THERMAL RESISTANCE! j 

$C-H$ 

1.3 

deg/W 


MOUNTING KIT 6 
for 

TO-63 PACKAGE OUTLINE 



Item 11 — Fiberfi I § Nylon 
G-3 Insulator Sleeve, 

Dwg. 10-31-116-003 



Item 8 — Mica Insulating Washer, 
Dwg. 10-31-199-002 


Chassis or Heat Sink 


Item 8 — Mica Insulating Washer, 
Dwg. 10-31-199-002 

Item 19 — Bright-Nickel-Plated, Carbon-Steel 
Flat Washer, Dwg. 10-31-150-034 


Item 23 — Bright-Nickel-Plated, Carbon-Steel 
Internal-Tooth Lock Washer, Dwg. 10-31-152-016 


Item 28 — Bright-Nickel-Plated, Brass 


TYPICAL THERMAL RESISTANCE! } 

0C-HS 

1.7 

deg/W 


Hex Nut, Dwg. 10-31-036-015 


FIGURE 6 


t# C -HS is ,he ,hermal resistance from the mounting base of the semiconductor-device case to the mounting surface of the heat sink. The heat sink used to 
determine this value was a smooth, flat, copper plate, with the thermocouple mounted 0.0S inch below the mounting surface in an area beneath the device. 
The device was mounted directly to a clean, dry, heat-sink surface, without the use of a thermal compound and a torque of ten inch-pounds was applied to 
the stud or each of the mounting screws. 

§Trademark of Cedar Plastics 
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STANDARD MOUNTING HARDWARE FOR POWER TRANSISTORS 


SECTION A — MOUNTING HARDWARE ASSEMBLY DRAWINGS 



Item 15 — Vulcanized- Fiber, Insulating Shoulder Washer, Dwg. 10-31-188-122 



FIGURE 7 


Chassis or Heat Sink 



MOUNTING KIT 8 
for 

TO-59, TO-60, TO-1 11, AND OTHER 
7/16-INCH STUD PACKAGE OUTLINES 
(NO INSULATION REQUIRED) 


Item 17 — Cadmium-Plated, Chromate-Treated, 
Carbon-Steel Flat Washer, Dwg. 10-31-188-040 

Item 20 — Cadmium-PIpted, Chromate-Treated, 
Carbon-Steel , Internal -Tooth Lock Washer 
Dwg. 10-31-152-006 


Item 25 — Cadmium-Plated, Chromate-Treated, 
Carbon-Steel Hex Nut, Dwg. 10-31-036-009 


t^C-HS IS thermal resistance from the mounting base of the semiconductor-device case to the mounting surface of the heat sink. The heat sink used to 
determine this value was a smooth, flat, copper plate, with the thermocouple mounted 0.05 inch below the mounting surface in an area beneath the device. 
The device was mounted directly to a clean, dry, heat-sink surface, without the use of a thermal compound and a torque of ten inch-pounds was applied to 
the stud or each of the mounting screws. 
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STANDARD MOUNTING HARDWARE FOR POWER TRANSISTORS 



Item 

A 

B 

C 

20 

0.204 

0.381 

0.025 

0.195 

0.365 

0.020 

21 

0.150 

0.295 

0.031 

0.142 

0.275 

0.015 

22 

0.267 

0.478 

0.027 

0.256 

0.466 

0.023 

23 

0.332 

0.607 

0.032 

0.320 

0.594 

0.028 


INTERNAL TOOTH LOCK WASHER 
Item 20 thru 23 


Item 

Thread 

A 

B 

C 

D 

25 

10-32 

0.375 

0.433 

0.130 






30° 

UNF-2B 

0.362 

0.413 

0.117 

26 

6-32 

0.250 

0.289 

0.098 




30° 

UNC-2B 

0.241 

0.275 

0.087 

27 

1/4-28 

0.438 

0.506 

0.193 

30° 

UNF-2B 

0.423 

0.488 

0.178 

28 

5/16-24 

0.563 

0.650 

0.225 

30° 

UNF-2B 

0.545 

0.629 

0.208 


HEXAGONAL NUT 
Item 25 thru 28 


t All dimensions are in inches unless otherwise specified. 
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TYPES 2N389 and 2N424 
N-P-N MESA SILICON POWER TRANSISTORS 


85 watts at 25°C with infinite heat sink 

Minimum beta of 8 at — 55°C 
— 65°C to 200°C operating and storage range 


mechanical data 

The transistors are in hermetically-sealed welded packages. 



maximum ratings 

Collector voltage referred to emitter at 25°C . . . . . (Breakdown voltages are indicated below) 

Total dissipation at 25° C (case temperature) * 85 W 

Total dissipation at 100°C (case temperature)* 45 W 

Junction temperature (maximum range) . — 65°C to 200°C 

* Derate 0.485 W/°C increase in case temperature within range of 25°C to 200°C 

maximum and minimum design characteristics at T c = 25°C (except as indicated) 


PARAMETER 

TEST CONDITIONS 

2N389 

2N424 

UNIT 

MIN MAX 

MIN MAX 

BV cer Breakdown Voltage 

l c =10mA, R be = 33 0 

60 

80 

V 

^ebo Breakdown Voltage 

l E = 10 mA, l c = 0 

10 

10 

V 

I cer Collector Cutoff Current 

V c£ = 60 V, R be = 33 ft, T c = 100°C 

10 

10 

mA 

V qe Base-Emitter Voltage! 

l c = 1.5A / V CE = 15 V 

8 


V 

l c = 0.75 A, V ce =15 V 


8 

r cs Saturation Resistance! 

l c = 1 A, l B = 0.2 A 

5 

10 

0 

Static Forward Current 

Fr Transfer Ratio! 

l c =l A, V CE = 15 V 

12 60 

12 60 


l c = 1 A, V ce = 15V, T c =-55°C 

8 

8 


f This parameter must be measured using pulse techniques. PW = 300 /isec. Duty Cycle Ss 2%. 
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TYPES 2N497, 2N498, 2N656, 2N657 
N-P-N DIFFUSED JUNCTION SILICON TRANSISTORS 


4 watts at 25°C with infinite heat sink 

10-Ohm saturation resistance (typical) 

— 65°C to + 200°C operating and storage range 


mechanical data 

The transistor is contained in a JEDEC 10-5 outline welded package with glass-to-metal hermetic seal 
between case and leads. Approximate weight is 1.0 gram. 

The noninsulated mounting dip (Tl P/N 10-31-052-007)is provided with each transistor. It is suitable for 
applications where thermal dissipation to a heat sink is desired. Material: beryllium copper, cadmium 
plated — gold iridited. 



maximum ratings 

Collector Voltage referred to base or emitter at 25°C (Breakdown voltages are indicated below) 

Collector Dissipation at 25°C. (case temperature)* 4 W 

Junction Temperature (maximum range) — 65°C to -|-200 o C 

*Derate 22.8 mW/°C increase in case temperature within range of 25°C to 200°C 


maximum and minimum design characteristics at Tj = 25 °C 


PARAMETER 

TEST CONDITIONS 

2N497 

2N498 

2N656 

2N657 

unit 

min. max. 

min. max. 

min. max. 

min. max. 

BVcbo Breakdown Voltage 

BVceo Breakdown Voltage 

BVebo Breakdown Voltage 

Icbo Collector Cutoff Current 
hFE Current Transfer Ratio! 

Hie Input Impedancet 

Res Saturation Resistance! 

Ic = 100 M U = 0 

Ic = 250 M It = 0 

Ie = 250 M Ic = 0 

Vcb = 30V l E = 0 

Vce=I 0V Ic = 200mA 

V C£ =I0V Ib - 8mA 

Ic = 200 mA l B = 40mA 

60 

100 

60 

100 

V 

60 

100 

60 

100 

V 

8 

8 

8 

8 

V 

10 

10 

10 

10 

M 

12 36 

12 36 

30 90 

30 90 

— 

500 

500 

500 

500 

ohm 

25 

25 

25 

25 

ohm 


t Semiautomatic testing is facilitated by using pulse techniques to measure these parameters. A 300-microsecond pulse (approxi- 
mately 2% duty cycle) is utilized. Thus, the unit can be tested under maximum current conditions without a significant increase in 
junction temperature, even though no heat sink is used. The parameter values obtained in this manner are particularly pertinent 
for switching circuit design and, in general, indicate the true capabilities of the device. 
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TYPES 2N497, 2N498, 2N656, 2N657 
BULLETIN NO. DL-S 71945, AUGUST 1958 
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TYPES 2N497, 2N498, 2N656, 2N657 
N-P-N DIFFUSED JUNCTION SILICON TRANSISTORS 


o 

<5 


TYPICAL CHARACTERISTICS 

(AS INDICATED) 




V CE — COLLECTOR VOLTAGE — VOLTS 

COMMON EMITTER CHARACTERISTICS 


V CE — COLLECTOR VOLTAGE — VOLTS 

COMMON EMITTER CHARACTERISTICS 





TYPES 2N656, 2N657 
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- BASE VOLTAGE — VOLTS 


I 2 3 

V.r — BASE VOLTAGE — VOLTS 


typical design characteristics at Tj = 25° C 


PARAMETER 


hi* Input Impedance @ lkc 

hf« Forward Current Gain @ lkc 

hr* Reverse Voltage Gain @ lkc 

ho* Output Admittance @ lkc 

hf* Forward Current Gain @ 2 megacycles 

Uio Emitter Cutoff Current 

Icso Collector Cutoff Current @ I50°C 


TEST CONDITIONS 


V c = 30V 
V c = 30V 
V c = 30V 
V c = 30V 
V c = 30V 
V EB = 5V 
Vcs = 30V 


Ic = 30 mA 
Ic = 30 mA 
Ic = 30 mA 
Ic = 30 mA 
Ic = 30 mA 

Ic = 0 

U = 0 


2N497-9B 2N656-57 


250 

30 

200 

70 

9 

0.1 

60 


350 

60 

400 

90 

6 

0.1 

60 


unit 


ohm 

jttmho 

M 

M 
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TYPES 2N1047 THRU 2N1050 2N1047A THRU 2N1050A, 

2N1047B THRU 2N1050B 
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


I FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 

I • Dissipation Capability in excess of 22 W 

at V CE = 40 V, T c = 100°C 

• Typical V CE (,„,| of 0.15 V at l c = 500 mA 

• Typical f T of 50 MHz at V CE = 10 V, l c = 100 mA 

* mechanical data 



absolute maximum ratings at 25°C ease temperature (unless otherwise noted) 



2N1047 

2N1049 

2N1048 

2N1050 

2N1047A 

2N1049A 

2N1048A 

2N1050A 

2N1047B 

2N1049B 

2N1048B 

2N1050B 

UNIT 

Col lector- Base Voltage 

80* 

120* 

80* 

120* 

80* 

120* 

V 

Collector-Emitter Voltage (See Note 1) 

80 

120 

80* 

120* 

80* 

120* 

V 

Emitter-Base Voltage 

6* 

6* 

10* 

10* 

10* 

10* 

V 

Continuous Collector Current 

2t 

0.5* 

2t 

0.5* 

2t 

0.75* 

A 

Peak Collector Current (See Note 2) 

8 

8 

8 

A 

Continuous Base Current 

0.5 

0.5* 

0.5* 

A 

Continuous Emitter Current 

2 

2 

2t 

0.75* 

A 

Safe Operating Region at (or below) 

100°C Case Temperature 

See Figure 10 


Continuous Device Dissipation at (or below) 

25 °C Case Temperature (See Note 3) 

40* 

W 

Continuous Device Dissipation at (or below) 

25 °C Free-Air Temperature (See Note 4) 

1* 

W 

Operating Collector Junction Temperature 

200* 

°C 

Storage Temperature Range 

-65 to 200* 

°C 

Lead Temperature % Inch from Case for 10 Sec. 

230 | 230* | 230* 

°C 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t p < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 228 mW/deg. 

4. Derate linearly to 200°C free-air temperature at the rate of 5.7 mW/deg. 

'"Indicates JEDEC registered data 

fTexas Instruments guarantees these values in addition to the JEDEC registered values which are also shown. 
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TYPES 2N1047 THRU 2N1050 2N1047A THRU 2N1050A, 2N1047B THRU 2N1050B 
BULLETIN NO. DL-S 6810610, DECEMBER 1968 




TYPES 2N1047 THRU 2N1050,2N1047A THRU 2N1050A, 
2N1047B THRU 2N1050B 

N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


electrical characteristics at 25 °C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N1047 

2N1048 

2N1049 

2N1050 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

Collector-Emitter 

Yjbrjceo Breakdown Voltage 

l c = 30 mA, l B = 0, 

See Note 5 

80 

120 

80 

120 

V 

*Icbo Collector Cutoff Current 

Vcb = 30V # I e = 0 

15 

15 

15 

15 

/aA 

V C b = 30V, I e = 0, 

T c = 150°C 

350 

350 

350 

350 

*Icev Collector Cutoff Current 

V C £ = 80V, Vbe — —1.5 V 

250 


250 


/aA 

Vce = 120V, Vbe = -1.5 V 


250 


250 

*l EB o Emitter Cutoff Current 

Veb = 6 V, l c = 0 

250 

250 

250 

250 

/aA 

* Static Forward 

Current Transfer Ratio 

Vce= 10 V, l c = 500 mA, 

See Notes 5 and 6 

12 36 

12 36 

30 90 

30 90 


Vce= 10V, l c = 500 mA, 

T c — — 55 °C, See Notes 5 and 6 

8 

8 

20 

20 

*Vbe Base-Emitter Voltage 

Vce= 10 V, l c = 500 mA, 

See Notes 5 and 6 

6 

6 

6 

6 

V 

* Collector-Emitter 

Vc«sat) Saturation Voltage 

l B = 100 mA, l c = 500 mA, 

See Notes 5 and 6 

7.5 

7.5 

7.5 

7.5 

V 


5 


* electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N1047A 

2N1048A 

2N1049A 

2N1050A 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

Collector-Emitter 

V(br)ceo Breakdown Voltage 

lc = 30 mA, l B = 0, 

See Note 5 

80 

120 

80 

120 

V 

Icbo Collector Cutoff Current 

Vcb = 3 V, l E = 0 

15 

15 

15 

15 

/aA 

V CB = 30 V, l e = 0 

15 

15 

15 

15 

Vcb = 80 V, l E = 0 

350 


350 


V CB = 120 V, l E = 0 


350 


350 

Vcb = 30 V, l E = 0, 

T c = 150°C 

350 

350 

350 

350 

Icev Collector Cutoff Current 

V ce = 80V, Vbe = -1.5 V 

250 


250 


ju,A 

V ce = 120V, Vbe = -1.5 V 


250 


250 

l EB o Emitter Cutoff Current 

Veb = 3 V, l c = 0 

250 

250 

250 

250 

/aA 

Veb = 10 V, l c = 0 

250 

250 

250 

250 

Emitter-Base 

y EB( f| ) floating Potential 

Vcb = 80 V, l E = 0 

0.5 


0.5 


V 

V CB = 120 V, l E = 0 


0.5 


0.5 

Static Forward Current 
hpE Transfer Ratio 

Vce = 10V, l c = 500 mA, 

See Notes 5 and 6 

12 36 

12 36 

30 90 

30 90 


Vce = 10 V, l c = 500 mA, 

T c = —55° C, See Notes 5 and 6 

8 

8 

20 

20 


Vbe Base-Emitter Voltage 

Vce= 10 V, l c = 500 mA, 

See Notes 5 and 6 

6 

6 

6 

6 

V 

Collector-Emitter 

VcE(sat) s a t ura tjon Voltage 

l B = 100 mA, lc= 500 mA, 

See Notes 5 and 6 

7.5 

7.5 

7.5 

7.5 

V 

Common-Emitter 
* hfe Beta-Cutoff Frequency 

Vce = 30V, l c = 30mA 

75 

75 

75 

75 

kHz 


NOTES: 5. These parameters must be measured using pulse techniques. t p = 300 /it, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
* Indicates JEDEC registered data 
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TYPES 2N1047 THRU 2N1050,2N1047A THRU 2N1050A, 

2N1047B THRU 2N1050B 
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N1047B 

2N1048B 

2N1049B 

2N1050B 

UNIT 

MIN MAX 

MIN MAX 

MIN AAAX 

MIN MAX 

Collector-Emitter 

V(br]ceo Breakdown Voltage 

l c = 30 mA, l B = 0, 

See Note 5 

80* 

120* 

80* 

120* 

V 

Icbo Collector Cutoff Current 

Vcb = 3 V, l E = 0 

10* 

5t 

10* 

5t 

10* 

5t 

10* 

5t 


V CB = 30 V, l E = 0 

15* 

15* 

15* 

15* 

Vcb = 80 V, l E = 0 

50* 


50* 


V CB = 120 V, l E = 0 


100* 

50t 


100* 

50t 

Vcb = 30 V, l E = 0, 

T c = 150°C 

200* 

200* 

200* 

200* 

Icev Collector Cutoff Current 

V CE — 80 V, V BE = — 1.5 V 

250* 

50t 


250* 

50t 


ixk 

V CE = 1 20 V, Vbe = -1.5 V 


250* 

50t 


250* 

sot 

l EB o Emitter Cutoff Current 

Veb = 3 V, lc = 0 

10* 

4t 

10* 

4t 

10* 

4t 

10* 

4t 

jx A 

Veb — 10 V, l c = 0 

10* 

10* 

10* 

10* 

Emitter-Base 

VEB|fl * Floating Potential 

Vcb = 80 V, l E = 0 

0.5* 


0.5* 


V 

Vcb — 120 V, l E = 0 


0.5* 


0.5* 

Static Forward Current 
" FE Transfer Ratio 

V C e — 10 V, l c = 500 mA, 

See Notes 5 and 6 

12* 36* 

12* 36* 

30* 90* 

30* 90* 


V C e = 10 V, l c = 500 mA, 

T c = — 55°'C, See Notes 5 and 6 

8* 

8* 

20* 

20* 

Vbe Base- Emitter Voltage 

Vce = 10 V, l c = 500 mA, 

See Notes 5 and 6 

1.6* 

1.6* 

1.6* 

1.6* 

V 

Collector-Emitter 

CE ( S at) s a t ura tion Voltage 

l B = 100 mA, l c = 500 mA, 

See Notes 5 and 6 

2* 

It 

2* 

It 

2* 

It 

2* 

It 

V 

Small-Signal 

1 1 Common-Emitter 

l hfe l Forward Current 

Transfer Ratio 

Vce = 10 V, l c = 100mA,f = 12 MHz 

1* 

1* 

1* 

1* 


Common-Emitter 
thfe Beta-Cutoff Frequency 

Vce = 30 V, l c = 30 mA 

125* 

125* 

125* 

125* 

kHz 


NOTES: 5. These parameters must be measured using pulse techniques. t p = 300 /is, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


* thermal characteristics 


PARAMETER 

ALL TYPES 

UNIT 

MAX 

#J-C 

Junction-to-Case Thermal Resistance 

4.375 

dej/W 

#J-A 

Junction-to-Free-Air Thermal Resistance 

175 


♦Indicates JEDEC registered data 

fTexas Instruments guarantees these values in addition to the JEDEC registered values which are also shown. 
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TYPES 2N1047 THRU 2N1050,2N1047A THRU 2N1050A, 
2N1047B THRU 2N1050B 

N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


switching characteristics at 25 °C case temperature 


PARAMETER 

TEST CONDITIONS! 

2N1049 2N1050 

2N1049A 2N1050A 

2N1049B 2N1050B 

UNIT 

TYP 

ton Turn-On Time 

Ic — 500 mA, l B (i) — 50 mA, 1 0 ; 2 } = —50 iff A, 

V BEfoff) = -4.1 V, Rl = 100 ft. See Figure 1 

0.225 

fiS 

t off Turn-Off Time 

3 


^Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 




FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t r < 15 ns, t f < 15 ns, = 50 Q, t^ = 10 /cs, duty cycle < 2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: f r < 15 ns, R in > 10 MO, C jn < 11.5 pF. 

c. Resistors must be noninductive type. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 
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TYPES 2N1047 THRU 2N1050 2N1047A THRU 2N1050A, 

2N1047B THRU 2N1050B 
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


2N1047, 2N1047A, 2N1047B 
2N1048, 2N1048A, 2N1048B 

STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



0.02 0.04 0.07 0. > 0.2 0.4 0.7 1 2 

lc — Collector Current — A 


FIGURE 2 


2N1049, 2N1049A, 2N1049B 
2N1050, 2N1050A, 2N1050B 


STATIC FORWARD CURRENT TRANSFER RATIO 



0.02 0.04 0.07 0.1 0.2 0.4 0.7 1 2 

lc — Collector Current — A 


FIGURE 3 


5 


BASE-EMITTER VOLTAGE 


vs 



Tc — Case Temperature — °C 

FIGURE 4 


COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 

CASE TEMPERATURE 



FIGURE 5 


NOTES: 5. These parameters must be measured using pulse techniques. t p = 300 /zs, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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TYPES 2N1047 THRU 2N1050,2N1047A THRU 2N1050A, 
2N1047B THRU 2N1050B 

N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 

TYPICAL CHARACTERISTICS 


NORMALIZED COLLECTOR-EMITTER BREAKDOWN VOLTAGE 



z 1 10 100 Ik 10,k look 

R B e — Base- Emitter Resistance — Q 


FIGURE 6 


COMMON-BASE OPEN-CIRCUIT 
INPUT AND OUTPUT CAPACITANCE 
vs 


REVERSE BIAS VOLTAGE 



5 


2N1047, 2N1047A, 2N1047B 
2N1048, 2N1048A, 2N1048B 


co SMALL-SIGNAL COMMON-EMITTER 

! FORWARD CURRENT TRANSFER RATIO 



0.1 0.4 1 4 10 40 100 

f — Frequency — MHz 

FIGURE 8 


2N1049, 2N1049A, 2N1049B 
2N1050, 2N1050A, 2N1050B 



J_ 0.1 0.4 1 4 10 40 100 

=£_ f — Frequency — MHz 

FIGURE 9 
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TYPES 2N1047 THRU 2N1050/2N1047A THRU 2N1050A, 

2N1047B THRU 2N1050B 
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING REGION 



o.oi I I I l--L.il III I l 1 l l l l II l I I I II II II 

1 2 4 7 10 20 40 70 100 200 400 700 1000 

V C E — Collector-Emitter Voltage — V 


FIGURE 10 
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TYPES 2N1047 THRU 2N1050, 2N1047A THRU 2N1050A, 
2N1047B THRU 2N1050B 

N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 

THERMAL INFORMATION 



CASE TEMPERATURE 



0 25 50 75 100 125 150 175 200 


Tq — Case Temperature — °C 

FIGURE 11 


PEAK-POWER COEFFICIENT CURVE 



FIGURE 12 


SYMBOL DEFINITION 


SYMBOL 

DEFINITION 

VALUE 

UNIT 

P T(av) 

Average Power Dissipation 


W 

P T(max) 

Peak Power Dissipation 


w 

0J-A 

Juuction-to-Free-Air Thermal Resistance 

175 

deg/W 

0 J-C 

Juncfion-to-Case Thermal Resistance 

4.375 

deg/W 

< 

6 

Case-to-Free-Air Thermal Resistance 

171 

deg/W 

0 C-HS 

Case-to-Heat-Sink Thermal Resistance 


deg/W 

0 HS-A 

Heat-Sink-to-Free-Air Thermal Resistance 


deg/W 

Ta 

Free-Air Temperature 


°C 

Tc 

Case Temperature 


°C 

Tj(av) 

Average Junction Temperature 

< 200 

°C 

Tj(maxl 

Peak Junction Temperature 

< 200 

°C 

K 

Peak-Power Coefficient 

See Figure 12 


_!e | 

Pulse Width 


ms 

t x 

Pulse Period 


ms 

d 

Duty-Cycle Ratio (t p /t x ) 




Equation No. 1 — Application: d-c power dissipation, 
heat sink used. 


. = T JI..I - T A 1 °' IS °c < T c < 200°C, 

T| * V ' ffj-C + 0C-HS + 0HS-A QS 
Equation No. 2 — Application: d-c power dissipation, 
no heat sink used. 


P TM = - ' J| ^ -^- t.r2S°C < t A < 200°C 
t'J-A 

Equation No. 3 — Application: Peak power dissipation, 
heat sink used. 


1 J(max) ~ 


d (#C-HS + ^HS-a) + K #J-C 


for 25 °C < T c < 200°C 


Equation No. 4 — Application: Peak power dissipation, 
no heat sink used. 


P T(max) “ 


Tj(max) ^A 
d #C-A + K #J-C 


-for 25°C < T a < 200°C 


Example — Find P^meixJ ( desi 9 n limit) 

OPERATING CONDITIONS: 

^C-HS ^HS-A == ^ de 9/W (From information supplied 
with heat sink.) 

T J(av j (design limit) = 200°C 
T a = 50°C 
d = 10% (0.1) 
t p = 0.1 ms 


Solution: 

From Figure 12, Peak-Power Coefficient 

K = 0.11 and by use of equation No. 3 

p T J(max) •— T A 

T,,t,4,x, d (0 CHS + #hs-a) + K ^J-C 
200 - 50 

■ = = 170 W 

Umax) 0 1(4) + {0 u) 4 375 
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TYPES 2N1714 THRU 2N1721 
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


HIGH-FREQUENCY INTERMEDIATE-POWER TRANSISTORS 

• 15 Watts at 100°C Case Temperature 

• Typ V CE(sat) of 0.2 V at 200 mA 

• Typ V BE of 0.8 V at 200 mA 

• Typ f T of 50 MHz at 10 V, 100 mA 

* mechanical data 





absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


2N1714 2N1715 2N1718 2N1719 
2N1716 2N1717 2N1720 2N1721 


Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) 

Continuous Emitter Current 

Safe Operating Region at (or below) 100°C Case Temperature . . . 

Continuous Device Dissipation at (or below) 100°C Case Temperature 

(See Note 3) 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature 
(See Note 4) 

Operating Collector Junction Temperature 

Storage Temperature Range 


90 V* 
60 V* 
■< 


150 V* 90 V* 
100 V* 60 V* 

6 V* 

1 At 


150 V* 
100 V* 

>■ 


.( lAt ) 

(0.75 A* ) 

1.5 At 
1 A* 

1 At 

(0.75 A* ] 
-See Figure 10" 
(15 Wt) 

10 W* 







oVw* K 

200° Ct ) . 

175°C* I 

-65°C to 200°C* y 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t p < 0.3 ms, duty cycle < 10%. 

3. For operation above 100°C case temperature refer to Dissipation Derating Curve, figure 13. 

4. For operation above 25°C free-air temperature refer to Dissipation Derating Curves, figures 11 and 12. 


♦Indicates JEDEC registered data 

tTexas Instruments guarantees these values in addition to the JEDEC registered values which are also shown. 
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TYPES 2N1714 THRU 2N1721 

BULLETIN NO. DL-S 6810483, NOVEMBER 1968 



TYPES 2N1714 THRU 2N1721 

N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


^electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N1714 

2N1718 

2N1715 

2N1719 

2N1716 

2N1720 

2N1717 

2N1721 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 


v Collector-Emitter 

(brjceo Breakdown Voltage 

l c — 30 mA, l B = 0, See Note 5 

60 

100 

60 

100 

V 

Icbo Collector Cutoff Current 

Vcb = 3 V, l E = 0 

1 

1 

1 

1 

/xA 

Iceo Collector Cutoff Current 

Vce = 50 V ; l B = 0 

50 


50 


jik 

V C e = 90 V, l B = 0 


50 


50 

Ices Collector Cutoff Current 

V C e = 60 V, V BE = 0 

2 

2 

2 

2 

fl A 

Vce -90 V, Vbe - 0 

50 


50 


V C e = 150 V, V BE = 0 


50 


50 

V CE = 60 V, V BE = 0, T c = 170°C 

500 

500 

500 

500 

Iebo Emitter Cutoff Current 

Veb = 3 V, l c = 0 

10 

10 

10 

10 

fJL A 

Veb = 6 V, lc = 0 

10 

10 

10 

10 

V £B (ft) Emitter-Base Floating Potential 

Vcb = 60 V, l E = 0 

1 


1 


V 

V CB = 100 V, l E = 0 


2 


2 

. Static Forward Current 

FE Transfer Ratio 

V CE = 5 V, | c = 10 mA, See Note 5 

10 

10 

20 

20 


Vce — 5 V, l c — 200 mA, See Notes 5 and 6 

20 60 

20 60 

40 120 

40 120 

Vce = 5 V, l c = 200 mA, See Notes 5 and 6 
T c = -55°C 

10 

10 

20 

20 

V BE Base-Emitter Voltage 

l B = 20 mA, l c — 200 mA, See Notes 5 and 6 

1.6 

1.6 

1.6 

U 

V 

VcE(sat) Collector-Emitter Saturation Voltage 

l B = 20 mA, l c — 200 mA, See Notes 5 and 6 

2 

2 

2 

2 

V 

|. | Small-Signal Common-Emitter 

' fe ' Forward Current Transfer Ratio 

Vce - 10 V, l c = 100 mA, f = 16 MHz 

1 

| 

1 

1 

1 


, Common-Base Open-Circuit 

obo Output Capacitance 

V CB = 10 V, l E = 0, f = 1 MHz 

50 

] 

50 

50 

50 

PF 


NOTES: 5. These parameters must be measured using pulse techniques. t p = 300 n s, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


thermal characteristics 


PARAMETER 

2NT714, 2N1715 
2N1 716, 2N1717 

2N1718, 2N1719 
2N1720, 2N1721 

UNIT 


MAX 

MAX 

0j. c Junction-to-Case Thermal Resistance 

6.67 1 

7.5* 

6.67 1 

7.5* 

deg/W 

6j.a Junction-to-Free-Air Thermal Resistance 

175 + 

75* 

187.5* 




* Indicates JEDEC registered data 

fTexas Instruments guarantees these values in addition to the JEDEC registered values which are also shown. 
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TYPES 2N1714 THRU 2N1721 
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


switching characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONS! 

TYP 

UNIT 

ton Turn-On Time 
t of y Turn-Off Time 

Ic = 200 mA, 1 b[ i j — 20 mA, 1 b( 2 ) = -—20 mA, 

V BE(off) = -3.4 V, Rl — 150 ft. See Figure 1 

0.14 

2.6 

/xs 


fVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 


OUTPUT 

TEST CIRCUIT 

+37.3 V 
-0.1 V 

VOLTAGE WAVEFORMS 

FIGURE 1 




NOTES: a. The input waveform is supplied by a generator with the following characteristics: t r < 15 ns, t f < 15 ns, = 50 ft, t p = 10 /is, duty cycle < 2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, R jn > 10 Mft, C in < 11.5 pF. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 
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TYPES 2N1714 THRU 2N1721 

N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 



2N1714, 2N1715, 2N1718, 2N1719 

STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



0.01 0.02 0.04 0.1 0.2 0.4 0.7 1 

1^ — Collector Current — A 

FIGURE 2 

BASE-EMITTER VOLTAGE 


vs 



-75 -50 -25 0 25 50 75 100 125 150 

T^ — Case Temperature — °C 

FIGURE 4 

NOTES: 5. These parameters must be measured using pulse techniques. t p = 300 /is, 
6. These parameters are measured with voltage-sensing contacts separate from 


2N1716, 2N1717, 2N1720, 2N1721 

STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



0.01 0.02 0.04 0.1 0.2 0.4 0.7 1 

|^ — Collector Current — A 

FIGURE 3 

COLLECTOR-EMITTER SATURATION VOLTAGE 


vs 



-75 -50 -25 0 25 50 75 100 125 150 


T^. — Case Temperature — °C 

FIGURE 5 

y cycle < 2%. 
current-carrying contacts. 
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TYPES 2N1714 THRU 2N172T 
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


NORMALIZED COLLECTOR-EMITTER BREAKDOWN VOLTAGE 


vs 



Rbe — Base-Emitter Resistance — Q 


COMMON-BASE OPEN-CIRCUIT 
INPUT AND OUTPUT CAPACITANCE 


vs 



1 2 4 7 10 20 40 

Reverse Bias Voltage — V 


FIGURE 6 


FIGURE 7 


2N1714, 2N1715, 

2N1718, 2N1719 

SMALL-SIGNAL COMMON-EMITTER 



0.1 


2N1716, 2N1717, 
2N1720, 2N1721 

SMALL-SIGNAL COMMON-EMITTER 



0.4 


1 4 10 

f — Frequency — MHz 


40 100 


FIGURE 8 

NOTE 5: This parameter must be measured using pulse techniques. t p = 300 /is, duty cycle < 2%. 


FIGURE 9 


5 
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TYPES 2N1714 THRU 2N1721 

N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING REGION 


2 

1 

0.7 


< 

I 0.4 



2 

« 0.1 

u 0.07 
I 

0.04 

0.02 

0.01 


5 



1 2 4 7 10 20 40 70 100 200 


— Collector-Emitter Voltage — V 

FIGURE 10 


THERMAL INFORMATION 


£ 

i 
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1 


2N1714 THRU 2N1717 

FREE-AIR TEMPERATURE 



0 25 50 75 100 125 150 175 200 
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2N1718 THRU 2N1721 

FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 
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~ F ree “Air Temperature — °C 


T^ — Free- Air Temperature — °C 


FIGURE 11 


FIGURE 12 
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TYPES 2N1714 THRU 2N1721 
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


THERMAL INFORMATION 



— Case Temperature — °C 


PEAK-POWER COEFFICIENT CURVE 



FIGURE 13 


FIGURE 14 



SYMBOL DEFINITION 


SYMBOL 

DEFINITION 

VALUE 

UNIT 

2N1714 

THRU 

2N1717 

2N1718 

THRU 

2N1721 

P T(av) 

Average Power Dissipation 



W 

P T{max) 

Peak Power Dissipation 



w 

0 J-A 

Junction-to-Free-Air Thermal Resistance 

175 

75 

deg/W 

0 J-C 

Junction-to-Case Thermal Resistance 

6.67 

6.67 

deg/W 

#C-A 

Case-to-Free-Air Thermal Resistance 

168 

68 

deg/W 

$C-HS 

Case-to-Heat-Sink Thermal Resistance 


deg/W 

0 HS-A 

Heat-Sink-to-Free-Air Thermal Resistance 


deg/W 

t a 

Free-Air Temperature 


°C 

T c 

Case Temperature 


°C 

T J(av) 

Average Junction Temperature 

< 200 

°C 

^J(max) 

Peak Junction Temperature 

< 200 

°c 

K 

Peak-Power Coefficient 

See Figure 14 


*P 

Pulse Width 


ms 

»x 

Pulse Period 


ms 

d 

Duty-Cycle Ratio (t p /t x ) 




Equation No. 1 — Application: d-c power dissipation, 
heat sink used. 

p _ T J(av) ~ T A for 100°C < T c < 200°C 

™ ~ Oj.c + 0C-HS + 0HS-A 05 in R 9 ure 13 

Equation No. 2 — Application: d-c power dissipation, 
no heat sink used. 

P T|.v| = Tj| "l ~ T * 1S ° C < »A < 

"j-A 

Equation No. 3 — Application: Peak power dissipation, 
heat sink used. 


P T(max) 


fj(max) ^A 

d (#C-HS + ^HS-a) + K #J-C 


for 100°C < T c < 200 °C 


Equation No. 4 — Application: Peak power dissipation, 
no heat sink used. 


P T(max) 


^J(max) ^A 

d 0 C -A + K 0 J-C 


for 2S°C < T a < 200 °C 


Example — Find P T j max j (design limit) 

OPERATING CONDITIONS: 

^C-HS #HS-A = ^ deg/W (from information supplied 
with heat sink.) 

T J(ay) (design limit) = 200°C 
T a = 50°C 
d = 10% (0.1) 
t p = 0.1 ms 


Solution: 

From Figure 14, Peak-Power Coefficient 
K = 0.11 and by use of equation No. 3 

p _ ^J(max) ~ ^A 

^ max ^ d (0 C _ HS + (9 hs-a) + K Oj. C 
200 - 50 

P = = 105 W 

nmax| 0 , + 0 .11 (6 67 j 


1 PRINTED IN U S.A. 

Tl cannot assume any responsibility for any circuits shown 
or represent that they are free frbm patent infringement. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
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TYPES 2N1722, 2N1724 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


I HIGH-FREQUENCY POWER TRANSISTORS 

I • 50 Watts at 100°C Case Temperature • Minimum fx of 10 Megacyles 

• Maximum Res of 0.5 Ohm at 2 Amperes lc • Maximum Vbe of 2 Volts at 2 Amperes lc 

mechanical data 




absolute maximum ratings at 25°C ambient temperature (unless otherwise noted) 


Collector-Emitter Voltage (See Note 1) 80 v 

Emitter-Base Voltage 10 v 

Collector Current, Continuous 5 a 

Collector Current, Peak (See Note 2 ) 7.5 a 

Total Device Dissipation at 100°C Case Temperature (See Note 3) 50 w 

Total Device Dissipation at 25°C Ambient Temperature (See Note 4) 3 w 

Collector Junction Operating Temperature + 175°C 

Storage Temperature Range — 65°C to + 200°C 


Note 1 This is the voltage at which |h FB | approaches one when the emitter-base diode is open-circuited. Maximum allow- 
able collector-emitter voltage shall be derated with increasing collector current as shown in the maximum Vq E curve 
which appears with the collector characteristics. Average power dissipation shall not exceed the maximum ratings 
for this device. 

Note 2 Maximum peak collector current may be allowed if maximum junction temperature is not exceeded. See Figure 2, 
"Junction Temperature Response vs Pulse Width and Duty Cycle." 

Note 3 Derate linearly to 175°C case temperature at the rate of 0.67 w/C°. 

Note 4 Derate linearly to 175°C ambient temperature at the rate of 20 mw/C°. 

Note 5 For correct measurement of l CES , the base must be shorted to the emitter. The current meter must not be placed in 
the base-emitter short-circuit loop. I CES may be used in place of l CBO for circuit -stability calculations. 

Note 6 For typical BV CER at finite values of R BE , refer to BV CER vs R BE curve. Peak collector-emitter voltage of 120 v may be 
allowed in the cutoff-current region if the emitter-base diode is short-circuited. 

Note 7 Heat -sinking sufficient to limit case temperature to 40°C or less over a 10-second measurement period must be 
used for this test. 

Note 8 DC collector current should not be applied longer than 5 seconds to maintain case temperature less than 40°C 
without a heat sink. 

Note 9 To obtain f T , the ]h f J response with frequency is extrapolated at 6 db/octave to |h fe | = 1 from f = 10 me. The 
product of f T x 1 has been referred to as the gain-bandwidth product. 
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TYPES 2N1722, 2N1724 

N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


electrical characteristics at 25°C ambient temperature (unless otherwise noted) 


Parameter 

Test Conditions 

Min 

Max 

Unit 

Ices 

Collector Reverse Current 

Vce = 60 v, Vje ~ 0 

(See note 5) 


1 

ma 

Ices 

Collector Reverse Current 

V CE — 60 v, Vk — 0, 

T c = + 1S0°C (See note 5) 


2 

ma 

Ices 

Collector Reverse Current 

V CE = 120 v, V K = 0, 

Tc = + 150°C(See note 5) 


10 

ma 

Iebo 

Emitter Reverse Current 

V EE = 10 y, lc = 0 


10 

ma 

•BVceo 

Collector-Emitter Breakdown 

Voltage 

l c = 200 ma, l B = 0 

(See notes 6 & 7) 

80 


v 

•h FE 

DC Forward Current Transfer 

Ratio 

Vce = 15 v, l c = 2 a 

20 

90 


*h FE 

DC Forward Current Transfer 

Ratio 

Vce = 1 5 v, ! c = 2 a, 

Ta =-55 p C 

12 



*h FE 

DC Forward Current Transfer 

Ratio 

Vce — 15 v, l c = 100 ma 

20 



•Vbe 

Base-Emitter Voltage 

l§ — 200 ma, lc =::: 2 a 


2.0 

V 

*Vc E (sat) 

Collector-Emitter Saturation 

Voltage 

l B = 200 ma, l c = 2 a 


1.0 

V 

M 

AC Common-Emitter Forward Current 
Transfer Ratio 

Vce = 15 v, l c = 500 ma, 
f = 10 me (See note 8) 

1.0 



Cob 

Common-Base Output Capacitance 

V C b = 15 v, l E = 0, f = 1 me 


550 

Pi 


thermal characteristics 

1 9 j-c Thermal Resistance, Junction to Cose (Bottom, Center of Cose) | | 1.5 | C°/w | 

•Semi-automatic testing is facilitated by using pulse techniques to measure these parameters. A 300 /x-sec pulse (approxi- 
mately 2% duty cycle) is utilized. 


TYPICAL CHARACTERISTICS 


COMMON-EMITTER COLLECTOR CHARACTERISTICS 



0 20 40 60 80 100 

V CE - Collector-Emitter Voltage - v 


COMMON-EMITTER COLLECTOR CHARACTERISTICS 
(Low - Voltage) 



V 
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- Base-Emitter Voltage - v hpg - DC Forward Current Transfer Ratio 


TYPES 2N1722, 2N1724 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


DC FORWARD CURRENT TRANSFER 
RATIO vs COLLECTOR CURRENT 


100 r 


Pulse Measurement 
2% Duty Cycle 
300 p$ Pulse Width 
V CE = 15 V 


.Minimum hFE! 
at T a = 25°C 


— r i nr ur i — 
Maximum hpE - 
at T a = 25 °C “ 



Minimum hpE„ 
at Ta = 25°C' 
-Minimum hFE — jA- 
at T a = -55 °C *\ 


01 


0.03 


0.1 


1.0 


5.0 10 


l c - Collector Current - a 


BASE-EMITTER VOLTAGE vs COLLECTOR CURRENT 



l c - Collector Current - a 


BASE-EMITTER VOLTAGE vs AMBIENT TEMPERATURE 



T a - Ambient Temperature - °C 


COLLECTOR-EMITTER SATURATION 
VOLTAGE vs AMBIENT TEMPERATURE 

,, t — 

Pulse Measurement 
_2% Duty Cycle 
300 ps Pulse Width 

4 



-25 25 75 125 

T a - Ambient Temperature - °C 
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Collector-Emitter Breakdown Volfagi 


TYPES 2N1722, 2N1724 

N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


COLLECTOR-EMITTER BREAKDOWN 
VOLTAGE vs BASE-EMITTER RESISTANCE 


llll 


IIIMIII II 


llll 


mini 


uni 

mu 

!=«iiiiimi 

minims 


Pulse Measurement 
2% Duty Cycle 
300 us Pulse Width 


mmi 

mini 


■■11111111 


Hill 

Hill 


1111111111 


fj = Frequency 
at which | hf e j = 1 
(see notes 8 and 9) 


i— ■ 


TRANSITION CAPACITANCE vs REVERSE VOLTAGE 


iSIIIIIII 

■1211111 


■■iiiiiHfisn 


- Base-Emitter Resistance - ohms 

Reverse Voltage - v 

CONTOURS OF CONSTANT 

GAIN-BANDWIDTH PRODUCT, f T 

CONTOURS OF CONSTANT 
TRANSADMITTANCE, |y f J 
> 60, — LilL. 


Collector Current 


- Collector Current - a 
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TYPES 2N1722, 2N1724 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


THERMAL INFORMATION 


* 



FIGURE 1 


TYPICAL JUNCTION TEMPERATURE RESPONSE vs 


PULSE WIDTH AND DUTY CYCLE 



to - Pulse Width - msec 
FIGURE 2 


5 




® 2 


TYPICAL HEAT -SINK THERMAL 
RESISTANCE vs POWER DISSIPATION 


±--Heat Sink: 

Y Modine IE1155B, 
Delbert -Blinn #1 1 3, 
or Equivalent 



finish 


A x 6 x l /8" CopPg^! r 

-8 x 8 x 1/8" Copper Plate- 


r— t — r 

_10 x 10 x 1/8" Copper Plate 


-This curve is independent of — j- 
ambient temperature within 
- the range of 25°C - 100°C — [ 


Convection Cooling 
Fins and Plates 
Positioned Vertically- 


10 20 30 

P T - Power Dissipation • 

FIGURE 3 
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TYPICAL HEAT-SINK THERMAL 
RESISTANCE vs COOLING AIR VELOCITY 
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FIGURE 4 
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TYPES 2N1722, 2N1724 

N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


THERMAL INFORMATION 



TABLE I 


Mounting 

Conditions 

2N1722 mounted with four 2-56 screws at 4 in-lb torque 

2N1724 mounted at 30 in.-lb. torque 

Unfinished Alum, 
or Copper 

Alum, or Copper with 
.0025" mica ins. 

Anodized 

Aluminum 

Anodized Alum, 
with DC-200 Oil 

0c-hs — contact 
thermal resistance 
C°/w 

0.15 

0.45 

0.40 

0.28 


Symbol 

Definition 

Unit 

P T 

DC or average total power dissipation 

w 

P Toeak 

Peak total power dissipation (pulsed operation) 

w 

0HS-A 

Heat-sink-to-ambienl thermal resistance 

C°/w 

#C-H$ 

Case-to-heat-sink (contact) thermal resistance 

C°/w 

0J-C 

Junction-to-case thermal resistance 

C # /w 

0J-A 

Junction-to-ambient thermal resistance (no heat sink) 

C°/w 

0C-A 

Case-to-ambient thermal resistance (no heat sink) 

C°/w 

t a 

Ambient temperature 

°C 

t hs 

Heat-sink mounting surface temperature 

°C 

T C 

Case temperature (transistor mounting surface) 

°C 

f Jmax 

Maximum junction temperature 

°C 

»o 

Pulse width 

msec 


For steady-state power dissipation or pulsed dissipation with 
t Q < 100 maximum junction temperature may be consid- 
ered equal to the ambient temperature plus the product of 
average power dissipation and total junction-to-ambient thermal 
resistance. Under these pulse conditions, the junction-to-case 
temperature gradient varies so slightly with instantaneous power 
dissipation that average dissipation may be used in thermal 
calculations. When a heat sink is used, junction-to-ambient 
thermal resistance may be broken down into three quantities: 
0J-C' 0C-HS' anc * ^HS-A- Thermal performance can then be cal- 
culated using the following equation: 

T Jmex = T A + P t(#J-C + 0C-HS + 0H$-A^ 

Or, if no heat sink is used, 

T Jm«x = T A + P T#J.A 

0J-C' 0J-A' and #C-A are shown in Figure 1. To minimize 
contact thermal resistance, f?c-HS' beat rooimting sur- 
face should be as smooth as possible. 0C-HS f° r *® v ® f ol surface 
and mounting conditions is given in Table 1. These figures rep- 
resent maximum values encountered on surfaces equivalent to 
those of most commercially available heat sinks. Note that in 
some cases, as with the anodized aluminum finish, con b® 

reduced substantially by the application of a film of silicone 
grease between transistor and heat sink. 

As t c exceeds 100 nsec during pulsed operation, the instan- 
taneous variation of the junction-to-case temperature gradient 
increases sharply. Therefore, maximum rather than average junction 
temperature must be considered. Figure 2 shows the ratio of 
maximum instantaneous case-to-junction temperature rise at any 
pulse width and duty cycle to the rise which would occur at 
100% duty cycle. Use of this curve is best explained by the 
equations below and by the example problems. Provided the 
other operating conditions are known, T Jmax or P To#J|k may be 
found using the relation 


T Jm*x = T A + P Tpoak * 
f T Jmax ~ T C 
l P Tpaak &J-C 
Or, if no heat sink is used, 


duty cycle x (0 C . HS 
] P Tpeak #J-C 


+ 0HS-A) + 


T Jmax = T A + P Tp.ak x du, 7 W'* * #C-A + 


^Jmax T C p 
P Tpeak 0J-C . 


k<9j-c 


Note that the ambient-to-fransistor case temperature rise remains 
constant at a value proportional to average power dissipation 
throughout the pulse width and duty cycle range shown in 
Figure 2. Values for 0 HS . A ,a * ten from Figures 3 and 4 are used 
in the example problems. However, the curves in Figures 1 and 
2 may be used for any heat sink provided its thermal resistance 
is known. Under no circumstances should peak power dissipation 
exceed the value indicated by the maximum V CE curve on the 
collector characteristics. 

Example 1, Find Tj max 
Operating Conditions 

Heat sink = Modine 1 E 1 1 556 , Delbert Blinn 113, or equivalent, anodized 
finish, convection cooling 
t Q =r 1 msec 

duty cycle = 0.10 (10%) 


'Tpeak 

T A 


= 50 w 
= 50° C 

= T A + P Tpeak * ^ W** * (#CH-S + 0H$-a) + 


fW-T c 1 

LTpeak Oj.QJ 


Tpeak 


Oj.q 


From Figure 1, $ JmC = 1.5 C°/w 

From Figure 3 , 0 h $-a = 3.15 C°/w (P T = P ? . x duty cycle) 

From Table 1, 0 C . HS = 0.40 C°/w 

From Figure 2,| T JmJ , - T c 1 #J( 

lb.. 1 V* h-C ‘ 

T Jmax = 50 ° C + 50w x °- 10 x < 3 ,S + 0.40) C °/w + 0.20 x 50w x 
1.5C°/w 

= 50 + 17.7 -f- 15 
= 82.7°C 

Example 2, Find P Tpeak 
Operating Conditions 


heat sink 

»o 

duty cycle 

T Jmax ( desi 9 n limi ») 

T A 

fjmax 


= none 
= 10 msec 
= 0.01 (1%) 

= 175 °C 
= 25°C 

= T A + P Tpeak xd0, y ‘y tlex ^C-A + 

r t, — i 


P Tpeak #J-C 


r Tpeak 


#J-C 


From Figure 1, # C . A = 48.5 C 0 /* 


From Figure 1, 
From Figure 2, 


= 1.5 C°/w 


*3- 


175°C = 25° C -f p Tp,.k x 0.01 x 48.5C # /w -f 0.50 x 
P Tp.ak x f5CVw 
. _ 150 

r Tpeak — — = 121 wotts 

0.485 4- 0.75 
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TYPES 2N1722, 2N1724 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


TYPICAL APPLICATION DATA, T A =-55°C TO 125°C 

35 waft, 400 cps SERVO AMPLIFIER 



Circuit Characteristics at 35 w 
Power Output: 

Power Gain - 45 db min. 

Voltage Amplification - 

36.5 ± 1.5 db 

Circuit Input Resistance - 700 Q 
min . 

Total Harmonic Distortion - 5% 


R l - 68, 35 w 

R5 - 2.21 K, 1/2 w 

Cl - 40 pf, 25 v 

Tl: 

N1 = 755 T, *30 AWG; N2 = N3 = 330T, 

R1 - 4.32 K, 1/2 w 

R6 - 390, 1/2 w 

C2 - 500 pf, 100 v 


*28 AWG Bifilar Wound. 

R2 - 3.32 K, 1/2 w 

R7 & R8 - 2.00 K, 1 w 

C3 - 1000 pf, 25 v 


Core - Magnetic Metals 75EI SL14 or 

R3 - 1 .00 K, 1 w 

R9 & R10 - 1 .00, 2 w 

C4 - 2.0 pf, 100 v 


equivalent -lxl interleaved. 

R4 - 33.2,1/2 w 

Rl 1 - 1 .00 K, 1/2 w 

D1 & D2 - Tl 1N538 

Ql, Q2, & Q3 -Tl 2NI7I6 

OR Tl 2NI720 

Q4 & Q5 - Tl 2NI722 

T2: 

N1 = N2 = 100 T, *20 AWG Bifilar 
Wound; N3 = 67 T, *28 AWG. 

Core - Magnetic Metals 100 El SL14 or 



OR Tl 2N1724 


equivalent - Butt Joint. 


5 


NOTES: 


1 . All Resistance Values in ohms - 5% Tolerance 

2. Resistor Wattage Ratings at 125°C Ambient 

3. Capacitor Voltage Ratings at 125°C Ambient 

4. Q1 on Heat Sink with 0c-HS + 9 HS- A —40 C°/ w 

5. Q2 and Q3 on same Heat Sink. 0C-HS + 9 HS-A ^ 40C°/ W each. h FF 's matched within 10%. 

6. Q4 and Q5 on Heat Sinks with Oc-HS + 0HS-A — ^ -5C°/w. h FE 's matched within 10%. 


120 watt 10 Kc DC-DC CONVERTER 



Circuit Characteristics at 1 20 w Power Output: 

Input Current - 5a 
Total Efficiency -85% 

Self-Starting and Short-Circuit Protected 
Output Ripple - 0.6 v max. 


Q1 & Q2 - Tl 2N1722 C5 - 0. 1 pf, 500 v 

OR Tl 2N1724 C6 - 3 pf, 500 v 

D1 - D3 - Tl 1N645 C7 - 0 .01 pf, 500 v 

D4 - D7 - Tl 1 N 1 096 LI - 15 ph 

Cl &C2 - 22 pf, 15 v R1 -2.74, 2w 
C3 - 100 M f, 35 v R2 - 3.32, 2 w 

C4 - 510 pf, 500 v R3 -511, 2 w 

NOTES: 1. All Resistance Values in ohms, 5% Tolerance. 

2. All Resistor Wattage Ratings at 125°C Ambient. 

3. Capacitor Voltage Ratings at 125°C Ambient. 

4. Q1 and Q2 on Same Heat Sink, 0 C -HS + 9 hs-A — 4 C°/w each. 


Tl: Np = 18 T *16 AWG 
N s = 290 T *25 AWG 
N F = 3 T *22 AWG 

Core: Toroid, Magnetic Metals Inc. 51026-ID 
or equivalent . 
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TYPES 2N1722, 2N1724 

N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 



5-38 


TYPICAL APPLICATION DATA, T A =-55°C TO 125°C 

30-volt, 0 -2.5-a VOLTAGE REGULATOR 


Circuit Characteristics: 

ft, V °VT — I A = Output Resistance <0.007 ohm 

A I out IAV, n =0 f 

100X ^ 9 " L | A | out= o = * nput Re 9 u l af!on ^ 0.05% at I 0 ut = 2.0 a 
AVout/ iAIout =0 

100X ^j A V ~ T -| _ q = Output Voltage Temperature Coefficient £0.007%/°Cat Iqut = 2.0 a,V| N = 45 v 


Outpu^pp l e = RipP ' e ReducMon ^ 10-000 


2N1722 /fX 

“© 

Q "© 



R7 : 


► R6 


— 75L 2N 338 JSJ 338 I 
Q5^ 0 f f 


>R8 


J+ 

*t* C2 


R4 


>R5 


30 v 

0 - 2.5 a* 


Q1 - Tl 2N726 
Q2 - Tl 2N1722 OR 
Tl 2N1724 
Q3-TI 2N1714 OR 
Tl 2N1718 


Q4 - Tl 2N343B 
Q5 & Q6 - Tl 2N338 
D1 - Tl 1N746 
D2 & D3 - Tl 1N751 
D4 - D6 - Tl 1N752A 


Cl -0.01 pf, 50 v 
C2 - 100 pf, 50 v 
R1 -5.11 K, 1/2 w 
R2 - 681 , 1/4 w 
R3 - 2.00 K, 1/4 w 


R4 - 2.43 K, l/4w (Wi rewound) 

R5 - 35.7 K, 1/4 w 
R6 -35.7 K, 1/4 w 
R7 & R9 - 3.57 K, 1/4 w (Wi rewound) 
R8 - 200, 1/4 w (Wi rewound) 


NOTES: 1 . All Resistor Values in ohms, 5% Tolerance. 

2. Resistor Wattage Ratings at 125°C Ambient. 

3. Capacitor Voltage Ratings at 125°C Ambient. 

4. Q2 and Q3 on Same Heat Sink: Q2: Q c-hs + 0HS-A £2 C°/w 

Q3: $ c-hs + 6 HS-A £ 22 C°/w 

5. Q5 and Q6 on Same Heat Sink: Each,$c-HS + 0 hs-a£ 80 C°/w 
*See Voltage - Current Derating Curves Below 


MAXIMUM ALLOWABLE INPUT VOLTAGE vs OUTPUT 



0 0.5 1 1.5 2 2.5 

Output Current - a 
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TYPES 2N1722A, 2N1724A 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


h 

^mechanical data 


• 50 Watts at 100°C Case Temperature 

• Maximum r cs of 0.3 Ohm at 2 Amperes lc 

• Maximum VgE of 2 Volts at 5 Amperes Iq 

• Minimum fj of 10 Megahertz 


The transistors are in hermetically sealed welded packages with glass-to-metal seal between case and leads. 


* THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



2IM1722A 


* ALL JEDEC TO-53 
DIMENSIONS AND 
NOTES ARE 
APPLI CABL E 




2N1724A 
CASE TEMPERATURE 
MEASUREMENT POINT 
IS UNDERSIDE OF 
FLAT SURFACE WITHIN 
0.125" FROM STUD 

*ALL JEDEC T 0-6 1 
DIMENSIONS AND 
NOTES ARE 
APPLICABLE 



ALL DIMENSIONS ARE IN INCHES 



*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage 180 V 

Collector-Emitter Voltage (See Note 1) 120 V 

Emitter-Base Voltage 10 V 

Collector Current, Continuous 5 A 

Collector Current, Peak 7.5 A 

Emitter Current, Continuous 6 A 

Base Current, Continuous 1 A 

Safe Continuous Operating Region at (or below) 100°C Case Temperature See Figure 1 

Collector Power Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 3 W 

Collector Power Dissipation at (or below) 100°C Case Temperature (See Note 3) 50 W 

Operating Collector Junction Temperature 175°C 

Storage Temperature Range — 65°C to +200° C 


NOTES: 1. This value applies when base-emitter diode is open-circuited. 

2. Derate linearly to 175°C free-air temperature at the rate of 20 mW/°C. 

3. Derate linearly to 175°C case temperature at the rate of 0.67 W/°C. 

* JED EC registered data 
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TYPES 2N1722A, 2N1724A 

N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


"electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

X 

< 

2 

UNIT 

V(BR)CEO Collector-Emitter Breakdown Voltage 

l C = 200 mA, 

lB = °' 

See Notes 4 and 7 

120 

V 

>CBO 

Collector Cutoff Current 

V C B - 3 V, 

l E = 0 



0.1 

mA 



V CE = 60 V, 

v be = o f 

See Note 5 


0.1 


Ices 

Collector Cutoff Current 

V CE = 100 V, 

Vbe = 

See Note 5 


1.0 

mA 

V CE = 100 V, 

v be = o, 

T C = 150°C, 

See Note 5 

2.0 



V CE = 180 V, 

v be = o. 

T C = 150°C, 

See Note 5 

10 


'ebo 

Emitter Cutoff Current 

V EB -9V, 

o 

ii 

o 



0.5 

mA 

V EB = 10 V, 

o 

II 

o 



10 

v EBfl 

Emitter-Base Floating Potential 

V CB = 180 V, 

m 

o 



1.0 

V 



V CE = 15 V, 

l C = 100 mA, 

See Note 4 


30 


hFE 

Static Forward Current Transfer Ratio 

V C E = 15 V, 

< 

CM 

II 

o 

See Note 4 


30 

90 


VqE = 15 V, 

IC = 2A, 

T C = — 55°C, 

See Note 4 

18 




V C E = 5 V, 

IC = 5A, 

See Note 4 


20 


Vbe 

Base-Emitter Voltage 

l B = 200 mA, 

1C - 2 A, 

See Note 4 


1.2 


IB = 500 mA, 

IC = 5 A, 

See Note 4 


2.0 

V 



lB - 200 mA, 

O 

ii 

IO 

> 

See Note 4 


0.6 


v CE(sat) 

Collector-Emitter Saturation Voltage 

lB = 200 mA, 

IC= 2 A, 

Tc = — 55°C, 

See Note 4 

0.8 

V 



l B = 500 mA, 

IC = 5A, 

See Note 4 


1.5 


|hfe! 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V C E = 15 V, 

Iq = 500 mA, 

f = 10 MHz, 

See Note 6 

1.0 


^obo 

Common-Base Open-Circuit 

Output Capacitance 

V CB = 15 V, 

l E = 0, 

f = 1 MHz 


550 

pF 


"thermal characteristics 


PARAMETER 

MAX 

UNIT 

RflJC Junction-to-Case Thermal Resistance 

1.5 

°c/w 

RflJA Junction-to-Free-Air Thermal Resistance 

50 

°c/w 


< 

I 



FIGURE 1 - MAXIMUM SAFE 
CONTINUOUS OPERATING REGION* 


1 






1 






Hfk 


Tc - 

100°C 


m 





Iff 

§ 


Mm 



0 25 50 75 100 125 

V CE — Collector - Emitter Voltage — V 


NOTES: 


4. These parameters must be measured using pulse techniques. PW = 300 jusec. Duty Cycle < 2%. 

5. For correct measurement of IcES' the base must be shorted to the emitter. The current meter must not be placed in the 

base-emitter, short-circuit loop. IcES ma V be used ' n place of <cBO for circuit-stability calculations. 

6. If tested without a heat sink, DC collector current must not be applied longer than 5 seconds. 

7. Other pulse widths or duty cycles may be used for the measurement of collector-emitter breakdown voltage with results similar to 

those obtained using the conditions specified in Note 4, providing that collector current is limited to 200 mA and case 

temperature is limited to less than 40°C over a 5 second (or less) measurement period. 


*JEDEC registered data 
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mechanical data 


TYPES 2N1723, 2N1725 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


High-Frequency Power Transistors 

3JD0H 
mC< 
< r tj 

gmffi 

50 Watts at 100°C Case Temperature 

SgS 

Maximum Res of 0.5 Ohm at 2 Amperes lc 

3P.“ 

Maximum Vbe of 2 Volts at 2 Amperes lc 

00 □ to 
mrZ 

Minimum fj of 10 Megacycles 

35 CO ^ 
— i O) M 
<gUl CJ1 
o> CO 
cn -j 


o 


The transistors are in a hermetically sealed welded package with glass-to-metal seal between case and c 

leads. m 


*THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



2N1723 


*ALL JEDEC TO-53 
DIMENSIONS AND 
NOTES ARE 
APPLICABLE 




1 , 

0.485 

A 


2N1725 

CASE TEMPERATURE 
MEASUREMENT POINT 
IS UNDERSIDE OF 
FLAT SURFACE WITHIN 
0.125" FROM STUD 

* ALL JEDEC TO-61 
DIMENSIONS AND 
NOTES ARE 
APPLICABLE 



ALL DIMENSIONS ARE IN INCHES 



* absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage . 120 v 

Collector-Emitter Voltage (See Note 1) 80 v 

Emitter-Base Voltage 10 v 

Collector Current, Continuous 5 a 

Emitter Current, Continuous 5 a 

Safe Continuous Operating Region at 100°C Case Temperature See Fig. 1 

Continuous Collector Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) .... 3 w 

Continuous Collector Dissipation at (or below) 100°C Case Temperature (See Note 3) 50 w 

Operating Collector Junction Temperature 175°C 

Storage Temperature Range — 65° to 200°C 


NOTES: 1. This value applies when base-emitter diode is open circuited. 

2. Derate linearly to 175°C free-air temperature at the rote of 20 mw/°C. 

3. Derate linearly to 175°C case temperature at the rate of 0.67 w/°C. 

4. These parameters are measured using pulse techniques. PW = 300 fi sec, Duty Cycle <. 2%. 

5. If tested without a heat sink, DC collector current must not be applied longer than 5 seconds. 

‘Indicates JEDEC registered data. 
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TYPES 2N1723, 2N1725 

N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


* electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

BVceo Collector-Emitter 

Breakdown Voltage 

lc = 0.20 a. In = 0, (See Note 4) 

80 

- 

V 

Icbo Collector Cutoff Current 

O 

II 

>' 

CO 

II 

3 

>• 

— 

0.1 

ma 

Ices Collector Cutoff Current 

V CE = 30 v, V BE = 0 

— 

0.1 

ma 

V CE = 60 v, V BE = 0 

— 

1.0 

ma 

V CE = 40 v, V,* = 0, T c = 150°C 

— 

2.0 

ma 

V CE = 120 v, V BE = 0, T c = 150°C 

— 

10 

ma 

l EB o Emitter Cutoff Current 

V EB = 3 v, lc = 0 

— 

0.5 

ma 

< 

II 

>o 

o“ 

II 

o 

— 

0.5 

ma 

V EB — 10 v, l c = 0 

— 

10 

ma 

Nfe Static Forward Current 

Transfer Ratio 

Vce = 15 v, lc = 2 a, (See Note 4) 

50 

150 

— 

V CE = 15 v, l c = 2 a, T A = —55% (See Note 4) 

25 

— 

— 

Vce — 15 v, l c = 0.1 a, (See Note 4) 

50 

— 

— 

Vbe Base-Emitter Voltage 

l B = 0.20 a, l c = 2.0 a, (See Note 4) 

— 

2.0 

V 

VcE(sat) Collector-Emitter 

Saturation Voltage 

l B = 0.20 a, lc = 2.0 a, (See Note 4) 


1.0 

V 

jhf e | Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

Vce = 15 v, l c = 0.50 a, f = 10 me, (See Note 5) 

1.0 

- 

- 

Cob Common-Base Open-Circuit 

Output Capacitance 

Vcb = 15 v, l E = 0, f = 1.0 me 

- 

550 

Pi 


^thermal characteristics 


PARAMETER 


MIN 

MAX 

UNIT 

0J-C 

Junction-to-Case 

Thermal Resistance 


- 

1.5 

C°/w 

Oj-A 

Junction-to-Free-Air 

Thermal Resistance 


- 

50 

C°/w 


’Indicates JEOEC registered data. 


MAXIMUM SAFE CONTINUOUS OPERATING REGION 


■ 




l 

■ 





T c =100°C 


|f 




§§J 



£ 


25 50 75 100 

V CE — Collector-Emitter Voltage — v 

Figure 1 


Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 


PRINTED IN U.S.A. 


971 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 





TYPES 2N1936, 2N1937 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


HIGH-FREQUENCY POWER TRANSISTORS 


• High Power Dissipation: 

• low Thermal Resistance: 

• low Saturation Voltage: 

• High f T : 


150 watts at T c = 100° C 
0.5 C° /w max 

V ce = 0.75 v max @ l c = 10 a 
18 me min at 10 v, 1 a 


mechanical data 

Stress effects caused by the difference in thermal coefficients of expansion between the silicon wafer and 
copper header are minimized by the use of a molybdenum platform brazed to the header. The wafer is 
mounted to the molybdenum platform by means of a special high-temperature gold alloy in an oxygen- 
free atmosphere, thus eliminating flux. Final encapsulation of the device is carried out in an ultra-clean, 
controlled atmosphere dry-box utilizing extremely-high-reliability techniques. 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



* ALL JEDEC TO-63 DIMENSIONS 
AND NOTES ARE APPLICABLE 


CASE TEMPERATURE MEA- 
SUREMENT POINT IS UN- 
DERSIDE OF FLAT SURFACE 
WITHIN 0.125" FROM STUD 




absolute maximum ratings at 25*C case temperature (unless otherwise noted) 

2N1936 

* Collector-Base Voltage 

* Collector-Emitter Voltage (See Note 1) 60 v 

* Emitter-Base Voltage 

* Collector Current, Continuous 

* Base Current, Continuous 

Emitter Current, Continuous ^ 

* Safe Continuous Operation Region at 1 00°C 

Case Temperature 

* Total Device Dissipation at (or below) 100°C 

Case Temperature (See Note 2) 150 w — 

♦Operating Case Temperature Range -<-65°C\o + 175°C-^- 

♦Storage Temperature Range — 65°C to + 200°C-^- 


-125 v 

- 6 v 

- 20 a 

- 10a 


(25 at) 

(20 a*) 

See Figure 5 


2N1937 

► 

80 v 

►“ 



>- 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. Derate linearly to 175°C case temperature at the rate of 2 w/C°. 

♦Indicates JEDEC registered data. 

fTexas Instruments guarantees this value in addition to the JEDEC registered value which is also shown. 
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TYPES 2N1936, 2N1937 

N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TYPE 

MIN 

MAX 

UNIT 

BVceo 

Collector-Emitter 
Breakdown Voltage 

l c = 200 ma, 

Ib^O, 

(See Note 3) 

2N1936 

60* 







2N1937 

80* 



IcEO 

Collector Cutoff 

Current 

V CE = 50 v, 

Is — 0 




15* 

ma 

IcEX 

Collector Cutoff 

Current 

V CE = 120 v, 

Vbe = -1 v 




10* 


V CE = 60 v, 

Vbe = -1 v, 

T c = J50°C 

2N1936 


10* 

ma 



V CE = 80 v, 

Vbe = -1 v, 

T c = 150°C 

2N1937 


10* 


Iebo 

Emitter Cutoff 

Current 

Veb - 6 v. 

l c = 0 




1.0* 

ma 



Vce = 3 v. 

lc = 1 a. 

(See Note 3) 


12* 

75* 




Vce = 3 v, 

lc = 10 a, 

(See Note 3) 


7*, lOt 

50* 


Hfe 

Static Forward 

Current Transfer 

Vce = 3 v, 
(See Note 3) 

lc = 10 a, 

Tc = -55°C, 


6 




Ratio 

Vce = 10 v, 

lc = 10 a, 

(See Note 3) 


10* 

50* 




Vce = 10 v, 
(See Note 3) 

lc = 10 a. 

T c = — 55°C, 


6* 



Vbe 

Base-Emitter 

Vce = 3 v. 

lc = 10 a, 

(See Notes 3 and 4) 



1.25* 



Voltage 

l B = 1.6 a, 

lc = 10 a, 

(See Notes 3 and 4) 



1.50* 


VcE(saf) 

Collector-Emitter 
Saturation Voltage 

l B = 1.6 a, 

lc = 10 a, 

(See Notes 3 and 4) 



0.75* 

V 

Hfe 

Small-Signal 
Common-Emitter 
Forward Current 
Transfer Ratio 

> 

o 

II 

o 

lc = 1 a. 

f = 1 kc 


15* 

90* 


M 

Small-Signal 
Common-Emitter 
Forward Current 
Transfer Ratio 

Vce = 10 v. 

lc = 1 a, 

f = 1 me 


4.0* 



M 

Small-Signal 
Common-Emitter 
Forward Current 
Transfer Ratio 

Vce = 10 v, 

lc = 1 a. 

f = 4.5 me 


4.0 



C 0 b 

Common-Base 
Open-Circuit Out- 
put Capacitance 

Vcb = 10 V, 

Ie = 0, 

f = 1 me 



1800* 

Pf 


NOTES: 3. These parameters must be measured using pulse techniques. 

PW — 300 fnecs, Duty Cycle < 2%* 

4. V CE and V re measurements are made with voltage sensing contacts that are separated from the current carrying contacts. 
*lndicates JEDEC registered data. 

fTexas Instruments guarantees these values in addition to the JEDEC registered values which are also shown. 


5-44 


Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 


971 



TYPES 2N1936, 2N1937 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


thermal characteristics 


PARAMETER 

MIN 

MAX 

UNIT 

* e J-C Junction-to-Case 

Thermal Resistance 


0.5 

C°/w 

0 J-A Junction-to-Free-Air 

Thermal Resistance 


37.5 

C°/w 


switching characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONS" 

TYP 

MAX 

UNIT 

t d Delay Time 

l c = 10 a, 

1 b{ i ) — 1.6 a, Ib( 2 ) — —1-6 a, 

V be (off) — —6 v, Rl — 2.711, 

See Figure 1 

70 


nsec 

t r Rise Time 

40 


nsec 

t, Storage Time 

5.0 


fi sec 

t f Fall Time 

0.4 


fA sec 

t 0 ff Turn-off Time 

5.4 

10 

/xsec 


ffVoltage and current values shown are nominal; exact values vary slightly with device parameters. 
’Indicates JEDEC registered data. 


PARAMETER MEASUREMENT INFORMATION 


5 


SWITCHING TEST CIRCUIT VOLTAGE WAVEFORMS 



FIGURE 1 


NOTES: 5. Relay S is a make-before-break relay with mercury-wetted contacts that is driven by an input pulse with the following characteristics.- 
Amplitude = 80v, PRR = 20 PPS, PW = 6 msec. 

6. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 n sec, C in < 20 pf, R in > 1 tt fi. 
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TYPES 2N1936, 2N1937 

N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 
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THERMAL INFORMATION 


TABLE I 


HEAT SINK 

f 0HS-A 

TYPE 

DIMENSIONS 

Bright Copper 

4"x4"xi/ 8 " 

3.8 C°/w 

6" x 6" x Vz 

2.2 C°/w 

8" x 8" x Vz 

1.8 C°/w 

10" x 10" x Vz 

1.4 C°/w 

Bright Aluminum 

4" x 4" x Vz 

6.5 C°/w 

6" x 6" x Vz 

4.5 C°/w 

8" x 8" x Vz 

3.5 C°/w 

10" x 10" x Vz 

2.8 C°/w 

Delbert Blinn #113 or 

Modine 1E1155B 

Unfinished (or Equivalent) 


3.7 C°/w 

Delbert Blinn #113 or 

Modine 1E1155B, Black 

Anodized (or Equivalent) 


3.2 C°/w 


f 0HS-A are typical values based on convection cooling with plates and fins 
mounted in a vertical position. 

tThis value applies with the transistor mounted in the center of the heat sink with 
40 inch-pounds of torque applied to transistor stud. 


TABLE II 


SYMBOL 

DEFINITION 

UNIT 

VALUE 

P T(avg) 

Average Power Dissipation 

w 


P T[max) 

Peak Power Dissipation 

w 


0J-C 

Junction-to-Case Thermal Resistance 

C°/w 

0.5 

0 J-A 

Junction-to-Free-Air Thermal Resistance 

C°/w 

37.5 

0 C-A 

Case-to- Free-Air Thermal Resistance 

C°/w 

37.0 

*0C-HS 

Case-to-Heat-Sink Thermal Resistance 

Typical with Dry Stud 

C°/w 

0.65 

Typical with DC-11 Silicone Grease (or Equivalent) 

C°/w 

0.45 

0HS-A 

H eat-Sink -to-Free-Air Thermal Resistance 

C°/w 

See Table 1 

t a 

Free-Air Temperature 

°C 


Tj(max) 

Peak Junction Temperature 

°c 

<175 

T J(avg) 

Average Junction Temperature 

°C 

<175 

T C 

Case Temperature 

°c 


K 

Peak-Power Coefficient 


See Figure 4 


Pulse Width 

msec 


»P 

Pulse Period 

msec 


d 

Duty Cycle Ratio f+w/tp) 




The PEAK-POWER-COEFFICIENT CURVE (See Figure 4), shows the ratio of maximum instantaneous junction-to-case temperature rise at any pulse width 
and duty cycle to the rise which occurs at 100% duty cycle. Use of this curve is best explained by the equations and examples below. See Table II 
for a definition of terms. 


Equation No. 1 — Application: d-c power dissipation, 
heat sink used. 

p = Tj(av g )-T A 

PTlavgl 0j.c+0C-HS + %-A 
Equation No. 2 — Application: d-c power dissipation, 
no heat sink used. 

p„»* 9 ,= - Tj 7 | - t - a 

0J-A 


Example A — Find Prjavgj (design limit) 
OPERATING CONDITIONS: 

Heat Sink = 4" x 4" x Vs" copper, 

%-A = 3.8 C°/w 
Tj(avg) (design limit) = 175°C 
Ta = 30 C° 
d = 100% (1.0) 

with DC-11 silicone grease, 0 CH $ = 0.45 C°/w 


Equation No. 3 — Application: Peak power dissipation, 
heat sink used. 

Tj(max) ~ Ta 

T,maX| d (%HS + 0HS-A) + K0 J-C 

Equation No. 4 — Application: Peak power dissipation, 
no heat sink used. 

B Tj (max) Ta 

PT(max, “ d0 c _ A + K0j. ( 


Solution: 

By use of equation No. 1 

P _ Tj(max) — Ta 

T l.v S l 0 k + 0 C . HS + 0 H s-A 

P 175-30 ... 

PT,a,sl 0.5 + 0.45 + 3.8 


Example B — Find P T (max) (design limit) 
OPERATING CONDITIONS: 

Heat Sink = 8" x 8" x Vs" copper, 

®HS-A = 1-8 C°/w 

with DC-11 silicone grease, 0 (-HS — 0-45 C°/w 
Tj(max) (design limit) = 175°C 
Ta = 35 C° 
d = 5% (0.05) 
t w = 1 msec 


Solution: 

From Figure 4, Peak-Power Coefficient 

K = 0.12 and by use of equation No. 3 

p _ Tj( max ) ~ T a 

<f(0 c . HS + 0 HS . A ) + k e u 
175-35 

- 005 | 045 , , 8) + 0.12(0.5) 
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TYPES 2N1936, 2N1937 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


THERMAL CHARACTERISTICS 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 




T A - Free-Air Temperature - °C 


T c - Case Temperature - °C 


FIGURE 2 


FIGURE 3 



0.01 0.03 0.1 0.3- 1 3 10 30 

t w - Pulse Width - msec 
FIGURE 4 


* MAXIMUM SAFE CONTINUOUS OPERATING REGION 


5 



0 25 50 75 100 1 25 

V CE — Col lector -Emitter Voltage — v 
FIGURE |S 

Note 7: Operation in this region is permissible only when the base is reverse-voltage -biased with respect to the emitter. 
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TYPES 2N1936, 2N1937 

N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


5 


COMMON-EMITTER COLLECTOR CHARACTERISTICS 



BASE -EMITTER VOLTAGE vs CASE TEMPERATURE 



-50 -25 0 25 50 75 100 125 150 


BASE-EMITTER VOLTAGE vs COLLECTOR CURRENT 



12345678 9 10 


l c - Collector Current - a 


COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 



-50 -25 0 25 50 75 100 125 150 


Tc - Case Temperature - °C 

STATIC FORWARD CURRENT TRANSFER RATIO 
vs 

COLLECTOR CURRENT 


Tc - Case Temperature - °C 


STATIC FORWARD CURRENT T 


A 


NSFER RATIO 


COLLECTOR CURRENT 




5-48 


Texas Instruments 

INCORPORATED 


971 


POST OFFICE BOX 5012 


DALLAS, TEXAS 75222 






TYPES 2N1936, 2N1937 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


SMALL-SIGNAL COMMON-EMITTER FORWARD CURRENT TRANSFER RATIO 
T 



8 

1 


SMALL-SIGNAL COMMON-EMITTER 
FORWARD TRANSFER ADMITTANCE 
vs 


COLLECTOR-EMITTER VOLTAGE 



V CE -Collector-Emitter Voltage -v 


COMMON-BASE OPEN-CIRCUIT INPUT AND OUTPUT CAPACITANCE 
vs 



2 5 10 20 50 100 

Reverse Bias Voltage - v 



5 10 15 20 25 30 


V ce -Collector-Emitter Voltage-v 


NOTE 8: These characteristics were measured using 
pulse techniques. PW = 300 y sec, 

Duty Cycle ^ 2%. 


NORMALIZED COLLECTOR-EMITTER BREAKDOWN VOLTAGE 



R BE — Base-Emitter Resistance - ohm 


5 
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TYPES 2N1936, 2N1937 

N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


TYPICAL APPLICATION DATA 


FIGURE A -225 WATT 10 kc DC-DC CONVERTER 
, Operates from -55 °C to +125°C 



NOTE: Minimum usable h FE = 10 at V CE = 3v, l c = 10a, T A = 25°C TYPICAL PERFORMANCE AT T A =25°C 
Both transistors use heat sinks, 0c-HS + 9hs-A-2°C/w Efficiency = 80% 

each. All diodes must have adequate heat sinks. Output ripple 1 .0 volt 



FIGURE B - 3 me POWER AMPLIFIER 


Air Dux ^1010 or Equivalent Air Dux ^504 or Equivalent 

= 5.1 ph 8 T = 0.27 ph 



TYPICAL ONE-STAGE COMMON-EMITTER 



Power In — w 

NOTE 9: This data was taken in amplifiers with configuration similar 

to Fig. B with component values optimized at each frequency. 
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TYPES 2N2150, 2N2151 
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 


• Dissipation Capability of 30 W at 40 V, T c — 100°C 

• Typ V'CE(sat) of 0.2 V at 1 A 


* mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


SEATING PLANE 


0.505 MAX -*-) 


10-32 UNF-2A 
MAX STUD TORQUE: - 
15 IN-LBS 


-COLLECTOR 
0.175 NOM 
(SEE NOTES ABB) 



ALL JEDEC TO-111 
DIMENSIONS AND 
NOTES ARE 
APPLICABLE 


NOTES: 

A. Position of terminals with respect to hexagon is not controlled. 

B. Terminals located on true position within 0.030 inch relative to diameter of can. 

C. This dimension applies to the location of the center line of the terminals. 

D. The case temperature may be measured anywhere on the seating plane within 0.125 inch of the stud. 

E. All dimensions are in inches unless otherwise specified. 




absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Collector-Base Voltage 125 V 

*Collector-Emitter Voltage (See Note 1) 80 V 

*Emitter-Base Voltage ' 8 V 

Continuous Collector Current ! '{A 

Peak Collector Current (See Note 2) ' 8 A 

Continuous Base Current 1 A 

Continuous Emitter Current 2 A 

Safe Operating Region at (or below) 100°C Case Temperature See Figure 8 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) 30 W 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) .... 2 W 

*Operating Collector Junction Temperature Range — 65°C to 175°C 

*Storage Temperature Range -65° C to 200°C 

*Terminal Temperature Vq Inch from Case for 10 Seconds 230°C 

NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t p < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 175°C case temperature at the rate of 0.4 W/deg. 

4. Derate linearly to 175°C free-air temperature at the rate of 13.3 mW/deg. 

’"Indicates JEDEC registered data 
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TYPES 2N2150, 2N2151 

BULLETIN NO. DL-S 7110369, OCTOBER 1968 
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TYPES 2N2150, 2N2151 

N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


^electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N2150 

2N2151 

UNIT 

MIN MAX 

MIN MAX 

V(br)ceo Collector-Emitter Breakdown Voltage 

l c = 50 mA, l B = 0, See Note 5 

80 

80 

V 

Iceo Collector Cutoff Current 

Vce = 80 V, l B = 0 

50 

50 

/*A 

Ices Collector Cutoff Current 

Vce = 120 V,Vbe = 0 

5 

5 

IjlK 

Vc e = 120V,Vbe = 0, T c =150°C 

50 

50 

ixk 

Icev Collector Cutoff Current 

Vce = 120 V, V 0E = -1 V 

5 

5 

fiA 

V CE = 120 V, Vbe = — 1 V, T c = 150°C 

50 

50 

/M 

Iebo Emitter Cutoff Current 

Veb = 8 V, lc = 0 

2 

2 

fik 

Veb = 8 V, l c = 0, T c = 150°C 

20 

20 

fiA 

Static Forward Current 
hre Transfer Ratio 

V CE = 5 V, l c = 1 A 

See Notes 

5 and 6 

20 60 

40 120 


Vce = 5 V, l c = 500 mA 

20 60 

40 120 


E 

o 

II 

_o 

> 

to 

II 

Ul 

£ 

20 

40 


Vce = 5 V, l c = 500 mA, 
T c = — 55°C 

10 

20 

i 


V B e Base-Emitter Voltage 

Vce = 5 V, l c = 1 A 

See Notes 

5 and 6 

1.6 

1.6 

V 

l B = 100 mAJc = 1 A 

uT 

1.8 

V 

VcE(sat) Collector-Emitter Saturation Voltage 

l B = 100 mA, l c = 1 A 

See Notes 

5 and 6 

1 

1 

V 

Small-Signal Common-Emitter 
hfe Forward Current Transfer Ratio 

Vce = 30 V, l c = 100 mA,f = 1 kHz 

20 80 | 

40 160 


1 . Small-Signal Common-Emitter 

! hfe l Forward Current Transfer Ratio 

Vce = 30 V, l c = 100 m A, f = 10 MHz 

1 10 

1 10 


Common-Base Open-Circuit 
c ° bo Output Capacitance 

V CB = 20 V, l E = 0, f = 1 MHz 

160 

160 

PF 


NOTES: 5. These parameters must be measured using pulse techniques. t p = 300 fis, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


thermal characteristics 


r PARAMETER 

MAX 

UNIT 

*6j. c Junction-to-Case Thermal Resistance I 

2.5 

deg/W 

0j_ A Junction-to-Free-Air Thermal Resistance 

75 


'"Indicates JEDEC registered data 
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TYPES 2N2150, 2N2151 
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


switching characteristics at 25 °C case temperature 


PARAMETER 

TEST CONDITIONS*}* 

2N2151 

UNIT 

TYP 

ton Turn-On Time 

lc ~ 1 A, 1,(1) — 100 mA, l,{ 2 ) — — 100 mA, 

V K(0 «) = - 3.7 V, R l = 20 n, See Figure 1 

130 

ns 

t off Turn-Off Time 

1100 


fVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 


FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t r < 15 ns, t f < 15 ns, = 50 O, t p = 10 pa, duty cycle < 2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, R jn > 10 C jn < 11.5 pF. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 
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TYPES 2N2150, 2N2151 

N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


2N2150 

STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



0.02 0.04 0.07 0.1 0.2 0.4 0.7 1 2 

lc - Collector Current - A 

FIGURE 2 


BASE-EMITTER VOLTAGE 


vs 

CASE TEMPERATURE 



2N2151 

STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



0.02 0.04 0.07 0.1 0.2 0.4 0.7 1 2 


lc - Collector Current - A 

FIGURE 3 


COLLECTOR-EMITTER SATURATION VOLTAGE 


vs 



Tc — Case Temperature — °C 
FIGURE 5 


NOTES: 5. These parameters must be measured using pulse techniques. f p = 300 /is, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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TYPES 2N2150, 2N2151 
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


NORMALIZED COLLECTOR-EMITTER BREAKDOWN VOLTAGE 



R B e — Base-Emitter Resistance — Q 


COMMON-BASE OPEN-CIRCUIT 
INPUT AND OUTPUT CAPACITANCE 


vs 



Reverse Bias Voltage — V 


FIGURE 6 FIGURE 7 

NOTE 5: This parameter must be measured using pulse techniques: t p = 300 /zs, duty cycle < 2%. 

MAXIMUM SAFE OPERATING REGION 


5 



V C E — Collector-Emitter Voltage — V 


FIGURE 8 
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TYPES 2N2150, 2N2151 

N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


THERMAL INFORMATION 




T c — Case Temperature — °C 


FIGURE 9 


PEAK-POWER COEFFICIENT CURVE 



tp — Pulse Width — ms 


FIGURE 10 


SYMBOL DEFINITION 


SYMBOL 

DEFINITION 

VALUE 

UNIT 

P T(av) 

Average Power Dissipation 


W 

P T(max) 

Peak Power Dissipation 


w 

*J-A 

Junction-to-Free-Air Thermal Resistance 

75 

deg/W 

*J-C 

Juncfion-to-Case Thermal Resistance ! 

2.5 

deg/W 

0 C-A 

Case-to-Free-Air Thermal Resistance 

72.5 

deg/W 

^C-HS 

Case-fo-Heat-Sink Thermal Resistance 


deg/W 

^HS-A 

Heat-Sink-to-Free-Air Thermal Resistance 


deg/W 

Ta 

Free-Air Temperature 


°C 

T c 

Case Temperature 


°C 

T J(av) 

Average Junction Temperature 

< 175 

°C 

T J(max) 

Peak Junction Temperature 

< 175 

°C 

K 

Peak-Power Coefficient 

See Figure 10 


»P 

Pulse Width 


ms 

»x 

Pulse Period 


ms 

d 

Duty-Cycle Ratio (t p /y 




Equation No. 1 — ■ Application: d-c power dissipation, 
heat sink used. 

P = T JM ~ t a for 100°C < T c < 175°C 

T,aV) 0J. C + 0C-HS + 0HS-A QS ln f '9 ure 9 

Equation No. 2 — Application: d-c power dissipation, 
no heat sink used. 

P T(ayJ = I J l;. v »"-T A .... for 25°C < T A < 1 75°C 

0J-A 

Equation No. 3 — Application: Peak power dissipation, 
heat sink used. 


'J(max) 


d ( #C-HS + 0HS-A* + K 0J-C 


for 100°C < T c < 175°C 


Equation No. 4 — Application: Peak power dissipation, 
no heat sink used. 


P Tlm „. = 1*1253 I* for 25°C < T. < 175°C 

T|m * x| d 0 C . A +K0j. c A 


Example — Find P T ( max j (design limit) 

OPERATING CONDITIONS: 

$C-HS + $hs-a ~ 4 deg/W (From information supplied 
with heat sink.) 

Tj{av j (de s '9 n limit) = 175°C 
T A = 50°C 
d = 10% (0.1) 
t p = 0.1 ms 


Solution: 

From figure 10, Peak-Power Coefficient 
K = 0.11 and by use of equation No. 3 


T(max) d (0 c _ H$ + 0 H$ A ) -f K $ JmC 

175-50 


P T(max) 0 .! (4) + (0.11) 2.5 


= 185 w 
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TYPE 2N2880 

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 

• 30 W at 100°C Case Temperature 

• Max VQE(sat) of 0.25 V at lc = 1 A 

• Max t r of 80 ns at lc = 1 A 

• Min fj of 50 MHz at 10 V, 1 A 


* mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


SEATING PLANE 


10-32 UNF-2A 
MAX STUD TORQUE: - 
15 IN-LBS 


3 -COLLECTOR 
0.175 NOM 
(SEE NOTES ABB) 



ALL JEDEC TO-111 
DIMENSIONS AND 
NOTES ARE 
APPLICABLE 


NOTES: 

A. Position of terminals with respect to hexagon is not controlled. 

B. Terminals located on true position within 0.030 inch relative to diameter of can. 

C. This dimension applies to the location of the center line of the terminals. 

D. The case temperature may be measured anywhere on the seating plane within 0.125 inch of the stud. 

E. All dimensions are in inches unless otherwise specified. 



5 


absolute maximum ratings at 25° C case temperature (unless otherwise noted) 


* Co llector-Base Voltage 100 V 

"Collector-Emitter Voltage (See Note 1 ) 80 V 

"Emitter-Base Voltage 8 V 

"Continuous Collector Current 5 A 

"Continuous Base Current 0.5 A 

"Safe Operating Region at (or below) 100°C Case Temperature See Figure 7 

"Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) SOW 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 2 W 

"Operating Collector Junction Temperature Range — 65°C to 200°C 

"Storage Temperature Range — 65° C to 200°C 

Terminal Temperature 1/16 Inch from Case for 10 Seconds 230°C 


NOTES: 1 . This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t p ^ 1 ms, duty cycle ^ 50%. 

3. Derate linearly to 200°C case temperature at the rate of 0.3 W/°C. 

4. Derate linearly to 200°C free-air temperature at the rate of 1 1.4 mW/°C. 

"jEDEC registered data 
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TYPE 2N2880 

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


* electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN MAX 

UNIT 

V(br)cbO Collector-Base Breakdown Voltage 

I C =10mA, Ie=0 

100 

V 

V(br)cEO Collector-Emitter Breakdown Voltage 

lc = 10 mA, 1 b - 0 

See 

Note 5 

80 

V 

l C = 100 mA, l B = 0 

70 

V(BR)EBO Emitter-Base Breakdown Voltage 

i e = iom, »c = o 

8 

V 

■ CBO Collector Cutoff Current 

V C b = 60V, l E = 0 

0.1 

mA 

Iceo Collector Cutoff Current 

V CE = 50V, l B = 0 

100 

mA 

•CEV Collector Cutoff Current 

V CE = 100V, V BE = —0.5 V 

10 

mA 

V CE = 60 V, V BE = -0.5 V, T C = 150°C 

50 

*EB0 Emitter Cutoff Current 

V EB = 5V, l C = 0 

0.1 

mA 

V EB = 8 V, I C = 0 

10 

Static Forward Current 

hpE 

Transfer Ratio 

Vce = 2V, l C =10mA 

30 


V C E = 2 V, l C = 1 A 

See Notes 

5 and 6 

40 120 

V C e = 5V, l C = 5A 

15 

VcE - 2 V, l C = 1 A, T C - — 55°C 

10 

V BE Base-Emitter Voltage 

l B = 100 mA, Iq - 1 A 

See Notes 

5 and 6 

1.2 

V 

V C E = 2 V, l C - 1 A 

1.2 

VCE(sat) Collector-Emitter Saturation Voltage 

l B = 100 mA, l C =1A 

See Notes 

5 and 6 

0.25 

V 

1 b = 500 mA, lc = 5 A 

2 

Small-Signal Common-Emitter 

hf e 

Forward Current Transfer Ratio 

V C e = 5 V, I C = 50 mA, f = 1 kHz 

40 140 


1 1 Small-Signal Common-Emitter 

Ihfo 1 

Forward Current T ransfer Ratio 

V CE = 10 V, l C = 1 A, f = 10 MHz 

5 


Common-Base Open-Circuit 
^obo Output Capacitance 

Vqb “ 10 V, l E = 0, f = 1 MHz 

150 

pF 


NOTES: 5. These parameters must be measured using pulse techniques, t p = 330 jus, duty cycle ^2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


thermal characteristics 


PARAMETER 

MAX 

UNIT 

0j_C Junction-to-Case Thermal Resistance 

3.33 

°c/w 

6 j„a Junction-to-Free-Air Thermal Resistance 

87.5 


•JEDEC registered data 


5-58 


Texas Instruments 

INCORPORATED 


1269 


POST OFFICE BOX 5012 


DALLAS, TEXAS 75222 




TYPE 2N2880 

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


* switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

MAX 

UNIT 

t r Rise Time 

V C C = 25V, Iq = 1 A + , See Figure 1 

80 

ns 

t s Storage Time 

60 

ns 

tf Fall Time 

80 

ns 


*This value of on-state collector current is nominal. Actual value will vary slightly with transistor parameters. 


* PARAMETER MEASUREMENT INFORMATION 


1N914 



50 v 


-J 

0 J 


• 90% 

i\ INPUT 


10 % 

90% 


3**" *ZLlf 

,-Hrj 

Yo J- 90% 


OUTPUT 


VOLTAGE WAVEFORMS 


FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t r ^ 15 ns, tf ^ 15 ns, Z out =1.5k£2, 
t p = 10 jus, duty cycle 2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: t r ^15 ns, Rj n ^1 M$2, Cj n ^15 pF. 

c. Resistors must be noninductive types. 

*JEDEC registered data 
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TYPE 2N2880 

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


TYPICAL CHARACTERISTICS 



STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



0.01 0.04 0.1 0.2 0.4 1 2 4 7 10 

I q— C ollector Current— A 

FIGURE 2 


BASE-EMITTER VOLTAGE 


vs 



-75 -50 -25 0 25 50 75 100 125 150 175 

O 

T^— Case Temperature— C 

FIGURE 3 


COLLECTOR-EMITTER SATURATION VOLTAGE 



-75 -50 -25 0 25 50 75 100 125 150 175 


T c — Case Temperature— C 

FIGURE 4 


NOTES: 5. These parameters must be measured using pulse techniques. t p = 330 jus, duty cycle ^2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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TYPE 2N2880 

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


TYPICAL CHARACTERISTICS 


tr 

uj 

0 
2 
03 

> 

1 


0) 

ts 

I 

111 

o 

o 


<0 

E 

o 

z 


NORMALIZED COLLECTOR-EMITTER 
BREAKDOWN VOLTAGE 


vs 



1 10 100 Ik 10 k 100 k 

Rg^— Base-Emitter Resistance — £1 

FIGURE 5 


COMMON-BASE OPEN-CIRCUIT 
INPUT AND OUTPUT CAPACITANCE 


vs 



1 2 4 7 10 20 40 70 100 

Reverse Bias Voltage— V 

FIGURE 6 


NOTE 5: These parameters must be measured using pulse techniques. t p = 330 ixs, duty cycle ^2%. 


‘MAXIMUM SAFE OPERATING REGION 



1 2 4 7 10 20 40 70 100 

Vce - C ollector-Emitter Voltage— V 

FIGURE 7 
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TYPE 2N2880 

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


THERMAL INFORMATION 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



T q— C ase T emperature— °C 

FIGURE 8 


PEAK-POWER COEFFICIENT CURVE 



tp-Pulse Width-ms 

FIGURE 9 


SYMBOL DEFINITION 


SYMBOL 

DEFINITION 

VALUE 

UNIT 

P T(av) 

Average Power Dissipation 


W 

p T(max) 

Peak Power Dissipation 


W 

0J-A 

Junction-to-Free-Air Thermal Resistance 

87.5 

°c/w 

0J-C 

Junction-to-Case Thermal Resistance 

3.33 

°c/w 

0C-A 

Case-to- Free-Air Thermal Resistance 

84.17 

°c/w 

0 C-HS 

Case-to-Heat-Sink Thermal Resistance 


°c/w 

0HS-A 

Heat-Sink-to-Free-Air Thermal Resistance 


°c/w 

t a 

Free-Air Temperature 


°c 

T C 

Case Temperature 


°c 

Tj(av) 

Average Junction Temperature 

<200 

°c 

Tj(max) 

Peak Junction Temperature 

<200 

°c 

K 

Peak-Power Coefficient 

See Figure 9 



Pulse Width 


ms 

tx 

Pulse Period 


ms 

d 

Duty-Cycle Ratio (t p /t x ) 




Equation No. 1— Application: d-c power dissipation, heat sink used 

= Tjiay) - T A for 1 00°C < T C < 200°C 
p T(av) 0j_ c + 0 C _ HS + 0HS-A as in Figure 8 

Equation No. 2— Application: d-c power dissipation, no heat sink 
used. 

p T(av) - 25°C <T A <200°C 

Equation No. 3— Application: Peak-power dissipation, heat sink 
used. 

p T{max) ^(ac-H^HS-Ai^KOj-C ,0r 10 °° C < T C <200°C 

Equation No. 4— Application: Peak-power dissipation, no heat sink 
used. 

P T(max> = dflcT+ ' K^C f ° r 25 ° C < T A <2°°^ 


Example— Find Pj(max) (design limit) 

OPERATING CONDITIONS: 

0 C-HS + 0 HS-A “ 3.8°C/W (From information supplied 
with heat sink.) 

Tj(av) (design limit) = 200°C 
T A = 50°C 
d= 10% (0.1) 
t p = 0.1 ms 


Solution: 

From Figure 9, Peak-Power Coefficient 

K = 0.103 and by use of equation No. 3 


Tj(max) “Ta 


p T(max) “ 


d(0C-HS + 0 HS-A) + K0 J-C 


p T(max) 


200 - 50 

0.1 (3.8) + 0.103(3.33) 


= 207 W 
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TYPES 2N2987 THRU 2N2994 
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


HIGH-FREQUENCY INTERMEDIATE-POWER TRANSISTORS 

• 15 Watts at 100°C Case Temperature 

• Typ V cE(sat) of 0.2 V at 200 mA 

• Typ V BE of 0.8 V at 200 mA 

• Typ f T of 50 MHz at 10 V, 100 mA 


* mechanical data 



absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


* 


Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) 

Continuous Base Current 

Safe Operating Region at (or below) 100°C Case Temperature . . . 

Continuous Device Dissipation at (or below) 100°C Case Temperature 

(See Note 3) 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature 

(See Note 4) 

Operating Case Temperature Range 

Storage Temperature Range 

Lead Temperature Xf, Inch from Case for 10 Seconds 


2N2987 2N2988 2N2991 2N2992 
2N2989 2N2990 2N2993 2N2994 


95 V 
80 V 

< 

< 

< 

■< 


155 V 95 V 
100 V 80 V 

7 V 

1 A 

1.5 A 

0.2 A 

See Figure 10 


155 V 

100 V 



15 W 


1W— > -< — 2 W — >» 

— 65°C to 200°C > 

-< — 65°C to 200°C >- 

-< 230°C >- 


5 


NOTES: 1. This value applies between 1 mA and 30 mA collector current when the base-emitter diode is open-circuited. 

2. This value applies for t p < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 150 mW/deg. 

4. Derate linearly to 200°C free-air temperature at the rate of 5.7 mW/deg for the 2N2987 through 2N2990 and 11.4 mW/deg for the 2N2991 through 2N2994. 
♦Indicates JEDEC registered data 
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TYPES 2N2987 THRU 2N2994 

N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


^electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N2987 

2N2991 

2N2988 

2N2992 

2N2989 

2N2993 

2N2990 

2N2994 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

Collector-Emitter 
’(brjceo Breakdown Voltage 

lc = 30 mA, Ib = 0/ 

See Note 5 

80 

100 

80 

100 

V 

Iceo Collector Cutoff Current 

V CE = 50 V, l B = 0 

0.1 


0.1 


fJL A 

V C e = 90 V, l B = 0 


0.1 


0.1 

Icev Collector Cutoff Current 

Vce = 90V / Vbe = -1.5 V 

25 


25 


nA 

V CE = 150 V, Vbe = -1.5 V 


25 


25 

V C e = 90V, V|* = -1.5 V, 
T c = 175°C 

15 


15 


fi A 

V CE - 150 V, Vbe = -1.5 V, 
T c = 175°C 


15 


15 

Iebo Emitter Cutoff Current 

Veb = 7 V, lc = 0 

25 

25 

25 

25 

nA 

h FE Static Forward Current 

Transfer Ratio 

Vce = 5 V, lc = 1 mA 

20 

20 

40 

40 

■ 

Vce = 5 V, lc = 200 mA, 
See Notes 5 and 6 

25 75 

25 75 

60 120 

60 120 

Vce = 5 V, l c = 500 mA, 
See Notes 5 and 6 

20 

20 

40 

40 

V C E = 10 V, l c = 100 mA, 
See Notes 5 and 6 

25 

25 

50 

50 

Vce = 5 V, l c = 200 mA, 
Tc = — 55°C, 

See Notes 5 and 6 

10 

10 

20 

20 

Vbe Base-Emitter Voltage 

Vce = 5 V, l c = 200 mA, 
See Notes 5 and 6 

0.9 

0.9 

0.9 

0.9 

! V 

1 

l B = 20 mA, l c = 200 mA, 
See Notes 5 and 6 

1 

1 

1 

1 

Ib = 50 mA, lc — 500 mA, 
See Notes 5 and 6 

1.4 

1.4 

1.4 

1.4 

Collector-Emitter 

VeEisat) Saturation Voltage 

l B = 20 mA, l c = 200 mA, 
See Notes 5 and 6 

0.8 

0.8 

0.8 

0.8 

V 

i 

la = 50 mA, l c = 500 mA, 
See Notes 5 and 6 

3 

3 

3 

3 

Small-Signal Common-Emitter 
hfe Forward Current Transfer Ratio 

V C e = 10 V, l c = 100 mA, 
f = 1 kHz 

25 85 

25 85 

50 170 

50 170 


• 1 Small-Signal Common-Emitter 

* hfe * Forward Current Transfer Ratio 

Vce = 10 V, l c = 100 mA, 
f = 30 MHz 

1 

i 

1 

1 

— 

Common-Base Open-Circuit 
c ° bo Output Capacitance 

Vce = 10 V, l E = 0, 
f = 1 MHz 

50 

50 

50 

50 

> 


NOTES: 5. These parameters must be measured using pulse techniques. t p = 300 fii, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
"Indicates JEDEC registered data 

thermal characteristics 



PARAMETER 

2N2987 

THRU 

2N2990 

2N2991 

THRU 

2N2994 

UNIT 



MAX 

MAX 


0J-C 

Junction-to-Case Thermal Resistance 

6.67 

6.67 

deg/W 

0J-A 

Junction-to-Free-Air Thermal Resistance 

175 

87.5 
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TYPES 2N2987 THRU 2N2994 
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


switching characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONS! 

TYP 

UNIT 

ton Turn-On Time 

Ic ~ 200 mA, l B |i) = 20 mA, l B ( 2 ] = — 20 mA, 

V be (off) = -3.4 V, R l = 150 a. See Figure 1 

0.14 

/xs 

t of f Turn-Off Time 

2.6 


fVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 


FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics-. t r < 15 ns, < 15 ns, = 50 fi, t p = 10 yes, duty cycle < 2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics.- t r < 15 ns, R in > 10 Mfi, C in < 11.5 pF. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 
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TYPES 2N2987 THRU 2N2994 

N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 



2N2987, 2N2988 
2N2991, 2N2992 

STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



0.01 0.02 0.04 0.1 0.2 0.4 0.7 1 

1^ — Collector Current — A 

FIGURE 2 

BASE-EMITTER VOLTAGE 


vs 



-75 -50 -25 0 25 50 75 100 125 150 

T^» — Case Temperature — °C 

FIGURE 4 

NOTES: 5. These parameters must be measured using pulse techniques. t p = 300 /xs, 
6. These parameters are measured with voltage-sensing contacts separate from 


2N2989, 2N2990 
2N2993, 2N2994 

STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



0.01 0.02 0.04 0.1 0.2 0.4 0.7 1 

l c — Collector Current — A 

FIGURE 3 

COLLECTOR-EMITTER SATURATION VOLTAGE 


vs 



-75 -50 -25 0 25 50 75 100 125 150 


T^ — Case Temperature — °C 

FIGURE 5 

1 cycle < 2%. 
current-carrying contacts. 
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TYPES 2N2987 THRU 2N2994 
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


NORMALIZED COLLECTOR-EMITTER BREAKDOWN VOLTAGE 


vs 



Rgg — Base- Emitter Resistance — Q 


FIGURE 6 


COMMON-BASE OPEN-CIRCUIT 
INPUT AND OUTPUT CAPACITANCE 


vs 



1 2 4 7 10 20 40 


Reverse Bias Voltage — V 

FIGURE 7 


2N2987, 2N2988 
2N2991, 2N2992 


SMALL-SIGNAL COMMON-EMITTER 
" FORWARD CURRENT TRANSFER RATIO 



2N2989, 2N2990 
2N2993, 2N2994 

SMALL-SIGNAL COMMON-EMITTER 



_L 0.1 0.4 1 4 10 

=£L_ f — Frequency — MHz 


40 100 


FIGURE 8 

NOTE 5: This parameter must be measured using pulse techniques. t p = 300 /is, duty cycle < 2%. 


FIGURE 9 
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TYPES 2N2987 THRU 2N2994 

N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING REGION 


5 



1 2 4 7 10 20 40 70 100 200 

— Collector-Emitter Voltage — V 


FIGURE 10 


THERMAL INFORMATION 


2N2987 THRU 2N2990 

FREE-AIR TEMPERATURE 



0 25 5 0 75 100 125 150 175 200 

T a — Free-Air Temperature — °C 


2N2991 THRU 2N2994 

FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



T a — Free- Air Temperature — °C 


FIGURE 11 


FIGURE 12 
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TYPES 2N2987 THRU 2N2994 
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


971 


THERMAL INFORMATION 


CASE TEMPERATURE 



T c — Case Temperature — °C 


PEAK-POWER COEFFICIENT CURVE 



tp — Pulse Width — ms 


FIGURE 13 


FIGURE 14 


SYMBOL DEFINITION 


SYMBOL 

DEFINITION 

VALUE 

UNIT 

2N2987 

THRU 

2N2990 

2N2991 

THRU 

2N2994 

P T(av) 

Average Power Dissipation 



W 

P T{max) 

Peak Power Dissipation 



w 

0J-A 

Junction-to-Free-Air Thermal Resistance 

175 

87.5 

deg/W 

0J-C 

Junction-to-Case Thermal Resistance 

6.67 

6.67 

deg/W 

0c-A 

Case-to-Free-Air Thermal Resistance 

168 

81 

deg/W 

0C-HS 

Case-to-Heat-Sink Thermal Resistance 


deg/W 

0HS-A 

Heat-Sink-to-Free-Air Thermal Resistance 


deg/W 

t a 

Free-Air Temperature 


°C 

T C 

Case Temperature 


°C 

T J(av) 

Average Junction Temperature 

< 200 

°C 

T J(max) 

Peak Junction Temperature 

< 200 

°C 

K 

Peak-Power Coefficient 

See Figure 14 


f P 

Pulse Width 


ms 

»x 

Pulse Period 


ms 

d 

Duty-Cycle Ratio (»p/t x ) 




Equation No. 1 — Application: d-c power dissipation, 
heat sink used. 

= T J |a ,)- T A '»«°C < T c < 200°C 

I|av| 6j-c + 0c. m + 0HS-A in ,i » ure 13 

Equation No. 2 — Application: d-c power dissipation, 
no heat sink used. 


P TM = Tj( a v| Ta fw “° c ^ t a < 
VJ-A 

Equation No. 3 — Application: Peak power dissipation, 
heat sink used. 


P T(max) — 


d (0C-HS 


T J(nrvax) ~ T A 

+ 0hs-a) + K Oj-c 


for 100°C < T c < 200° C 


Equation No. 4 — Application: Peak power dissipation, 
no heat sink used. 


r T(max) 


•>Oc-A + K 0J.C 


-for 25°C < T A < 200°C 


5 


Example — Find P-r{max) ( des '9 n limit) 

OPERATING CONDITIONS: 

^C-HS 0HS-A = ^ deg/W (from information supplied 
with heat sink ) 

TjfavJ ( des ‘9 n limit) = 200°C 

t a = 50 ° c 
d = 10% (0.1) 
t p = 0.1 ms 


Solution.- 

From Figure 14, Peak-Power Coefficient 
K = 0.11 and by use of equation No. 3 


, T J(max) ~~ T A 

T|m " 1 i (6>c.hs + <W + « 6j.c 


200 — 50 

T,max) ~~ 0.1 (7) + 0.11 (6.67) 


= 105 W 
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TYPES 2N3021 THRU 2N3026 
P-N-P SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 

• Max t 0 ff 400 ns at lc = 1 A 

• 3-A Rated Continuous Collector Current 

• 25 Watts at 25° C Case Temperature 

• Min fj of 60 MHz at 15 V r 0.5 A 


*mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 


5 


^absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

2N3021 2N3022 2N3023 
2N3024 2N3025 2N3026 


Co I lector- Base Voltage , . —30 V —45 V —60 V 

Collector-Emitter Voltage (See Note 1) —30 V —45 V —60 V 

Emitter-Base Voltage —4 V —4 V —4 V 

Continuous Collector Current —3 A ♦ 

Continuous Base Current —0.5 A ► 

Safe Operating Areas at (or below) 25°C Case Temperature See Figures 3 thru 5 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 2) . . . 25 W ► 

Operating Collector Junction Temperature Range — 65° C to 175°C 

Storage Temperature Range — 65°Cto175°C 

Terminal Temperature 1/16 Inch from Case for 10 Seconds + 250°C ► 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. For operation above 25 C case temperature, refer to Dissipation Derating Curve, Figure 6. 

*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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TYPES 2N3021 THRU 2N3026 
P-N-P SILICON POWER TRANSISTORS 


*electrical characteristics of 2N3021, 2N3022, 2N3023 at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N3021 

2N3022 

2N3023 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

Collector-Emitter 
v (BR)CE0 Breakdown voltage 

l C = -100 mA, l B = 0 

See Note 3 

-30 



V 

1 c = —50 mA, l B - 0 


-45 


Iq = —20 mA, l B = 0 



-60 

'CEV Collector Cutoff Current 

V CE = —25 V, V BE = 2 V 

-0.2 



mA 

V CE = —40 V, V BE = 2 V 


-0.2 


Vqe = -54 V, V BE = 2 V 



-0.2 

Vce = — 15 V, V BE = 2 V, T c = 150°C 

-2 



V CE = —25 V, V BE = 2 V, T C = 150° C 


-2 


Vce = -35 V, V BE = 2 V, T C =150°C 



-2 

•eB 0 Emitter Cutoff Current 

V EB = —4 V, l C = 0 

-1 

-1 

-1 

mA 

Static Forward Current 

hpE 

Transfer Ratio 

Vce = “ 2 V, lc - 1 A, See Notes 3 and 4 

20 60 

20 60 

20 60 


V BE Base-Emitter Voltage 

Iq = — 3 A, l B = -0.3 A, See Notes 3 and 4 

-1.5 

-1.5 

-1.5 

V 

Collector-Emitter 

VcE(sat) Saturation Voltage 

lc = — 3A, l B = — 0.3 A, See Notes 3 and 4 

-1.5 

-1.5 

-1.5 

V 

Small-Signal 

, , Common-Emitter 

hf e 

1 1 Forward Current 

Transfer Ratio 

V CE = — 15 V, Iq = —0.5 A, f=30MHz 

2 

2 

2 



"electrical characteristics of 2N3024, 2N3025, 2N3026 at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N3024 

2N3025 

2N3026 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

Collector-Emitter 
v (BR)CEO Breakdown voltage 

Iq = -100 mA, l B = 0 


-30 



V 

Iq = —50 mA, l B = 0 

See Note 3 


-45 


Iq = —20 mA, l B = 0 




-60 

ICEV Collector Cutoff Current 

V CE = -25 V, V BE = 2 V 

-0.2 



mA 

Vqe = -40 V, V BE = 2 V 


-0.2 


V CE = -54 V, V BE = 2 V 



-0.2 

V CE = — 15 V, V BE = 2 V, Tq = 150° C 

-2 



Vq E = -25V, V BE = 2 V, Tq = 150°C 


-2 


V CE = —35 V, V BE = 2 V, Tq = 150°C 



-2 

l E BO Emitter Cutoff Current 

V EB = -4V, Iq=0 

-1 

-1 

-1 

mA 

Static Forward Current 

hpE 

Transfer Ratio 

Vqe = — 2 V, Iq= 1A, See Notes 3 and 4 

50 180 

50 180 

50 180; 


V BE Base-Emitter Voltage 

Iq = —3 A, l B = — 0.3 A, See Notes 3 and 4 

-1.5 

-1.5 

-1.5 

V 

Collector-Emitter 

VcE (sat) Saturation Voltage 

Iq = —3 A, l B = — 0.3 A, See Notes 3 and 4 

-1 

-1 

-1 

V 

Small-Signal 

, - Common-Emitter 

hfo 

1 1 Forward Current 

Transfer Ratio 

V CE = — 15 V, Iq = —0.5 A, f = 30MHz 

2 

2 

2 



NOTES: 3. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

4. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


*JEDEC registered data 
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TYPES 2N3021 THRU 2N3026 
P-N-P SILICON POWER TRANSISTORS 



* Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


"PARAMETER MEASUREMENT INFORMATION 



TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 1-RISE TIME 



+3 V ~ 

TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 2-STORAGE AND FALL TIMES 


NOTES: a. The input waveforms are supplied by a generator with the following characteristics: t r < 10 ns, t r < 10 ns, t w = 10 jus, 
Z ou t = 50 to, duty cycle < 2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 5 ns, R in > 10 k SI, Cj n < 1 1 .5 pF. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 
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TYPES 2N3021 THRU 2N3026 
P-N-P SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 


5 


2N3021, 2N3024 



Vce— C ollector-Emitter Voltage— V 


2N3022, 2N3025 



0 _5_io-15 -20 -25 -30 -35 -40 -45 -50 
VcE - Collector-Emitter Voltage— V 


FIGURE 3 


FIGURE 4 
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TYPE 2N3055 

N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTOR 


FOR POWER-AMPLIFIER APPLICATIONS 

• 115 W at 25°C Case Temperature 

• Max ! c of 15 A 

• Min f hfe of 20 kHz 


* mechanical data 


ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 




5 


* absolute maximum ratings at 25 °C case temperature (unless otherwise noted) 


Collector-Base Voltage 100 V 

Collector-Emitter Voltage (See Note 1) 70 V 

Emitter-Base Voltage 7 V 

Continuous Collector Current 15A 

Continuous Base Current 7 A 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 2) 115 W 

Operating Case Temperature Range -65°C to 200°C 

Storage Temperature Range — 65°C to 200°C 

Lead Temperature Vyi Inch from Case for 10 Seconds 235°C 


NOTES: 1. This value applies when the base-emitter resistance R BE = 100 fl. 

2. Derate linearly to 200°C case temperature at the rate of 0.66 W/deg. 


’"Indicates JEDEC registered data 
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TYPE 2N3055 

N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTOR 


^electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

V(BR)CEO 

Collector-Emitter Breakdown Voltage 

l c = 200 mA ; l B = 0, 

See Note 4 

60 

V 

V(BR)CER 

Collector-Emitter Breakdown Voltage 

lc = 200 mA, Rue = 100 fl 

70 

V 

ICEO 

Collector Cutoff Current 

Vce = 30 V, l B = 0 

0.7 

mA 

ICEV 

Collector Cutoff Current 

V CE = 100 V, V BE = -1.5 V 

5 

mA 

V CE = 100 V, Vbe = -1.5 V, 

T c = 150°C 

30 

Ubo 

Emitter Cutoff Current 

Veb = 7 V, l c = 0 

5 

mA 

Hfe 

Static Forward Current Transfer Ratio 

Vce = 4 V, l c = 4 A, 

See Notes 3 and 4 

20 

70 


Vce — 4 V, l c = 10A # 

See Notes 3 and 4 

5 


Vbe 

Base-Emitter Voltage 

Vce = 4 V, l c = 4 A, 

See Notes 3 and 4 

1.8 

V 

VcE(sat) 

Collector-Emitter Saturation Voltage 

l B = 400 mA, l c = 4 A, 

See Notes 3 and 4 

1.1 

V 

l B = 3.3 A, l c = 10 A, 

See Notes 3 and 4 

8 

Hfe 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

<c 

o 

II 

-u 

< 

6” 

II 

i* 

f = 1 kHz 

15 

60 


fhfe 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

Cutoff Frequency 

*< 

o 

II 

< 

cT 

II 

3> 

See Note 5 

10 

kHz 


NOTES: 3. These parameters must be measured using pulse techniques. t p = 300 /zs, duty cycle < 2%. 

4. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 

5 - f hfe is the frequency at which the magnitude of the small-signal forward current transfer ratio is 0.707 of its low-frequency value. For this device, the reference 
measurement is made at 1 kHz. 


♦Indicates JEDEC registered data 


thermal characteristics 


PARAMETER 

MAX 

UNIT 

0j-c Junction-to-Case Thermal Resistance 

1.52 

deg/W 
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TYPES 2N3263, 2N3264, 2N3265. 2N3266 
N-P-N SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED SWITCHING APPLICATIONS 


“mechanical data 


Min fj = 20 MHz 


2N3263, 2N3264 THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


COLLECTOR 



NOTES: A. Measured where leads emerge 
from package. 

B. Specified body diameter (0.690 
maximum, 0.615 minimum) 
applies within this dimensions 
but does not include either the 
brazed area around the collector 
terminal or the ceramic insulators 
around the emitter and base 
terminals. 

C. Case temperature measurement 
point is within 0.125 of the 
center of the bottom of the 
package. 

D. Dimensions are in inches unless 
otherwise specified. 



2 N 3265, 2N3266 THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



ALL JEDEC TO-63 DIMENSIONS 
AND NOTES ARE APPLICABLE 


CASE TEMPERATURE MEA- 
SUREMENT POINT IS UN- 
DERSIDE OF FLAT SURFACE 
WITHIN 0.125" FROM STUD 



ALL DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

2N3263 2N3264 2N3265 


* Collector-Emitter Voltage (VBE = -1.5 V, See Note 1) 150 V 120 V 150 V 

* Collector-Emitter Voltage (Base Open, See Note 1) 90 V 60 V 90 V 

* Emitter-Base Voltage 7 V 

^Continuous Collector Current + 25 A 

^Continuous Base Current <+ 10 A 

*Safe Operating Area at Specified Temperatures See Figures 6 and 7 

Continuous Device Dissipation at (or below) 75°C Case Temperature 

(See Note 2) 83.3 W 83.3 W 125 W 

Continuous Device Dissipation at 100°C Case Temperature (See Note 2) . 66.7 W 66.7 W 100 W 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature 

(See Note 3) 1.2 W 1.2 W 4W 

*Unclamped Inductive Load Energy (See Note 4) + 2 mJ 

^Operating Collector Junction Temperature Range 65°C to 200°C - 

* Storage Temperature Range * 65°C to 200°C 

Lead or Terminal Temperature 1/8 Inch from Case for 10 Seconds .... ^ 260°C 


2N3266 
120 V 
60 V 


125 W 
100 W 

4 W 


5 


NOTES: 1. These values apply only when the collector-emitter voltage is applied with the transistor in the off-state with the base-emitter 
diode reverse-biased or open-circuited, as specified. In operation, the limitations of Figure 6 or 7, as applicable, must be observed. 

2. For operation above 75°C case temperature, refer to Dissipation Derating Curve, Figure 8. 

3. For operation above 25°C free-air temperature refer to Dissipation Derating Curve, Figure 9. 

4. This rating is based on the capability of the transistor to operate safely in the circuit of Figure 5. L = 40 juH, R BB2 = 20 
V BB 2 = 6 V, R s = 0.1 V cc = 20 V. Energy « l c 2 L/2. 

•JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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TYPES 2N3263, 2N3264, 2N3265, 2N3266 
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TYPES 2N3263, 2N3264. 2N3265. 2N3266 
N-P-N SILICON POWER TRANSISTORS 


^electrical characteristics at 25°C case temperature (unless otherwise noted) 






2N3263 

2N3264 



PARAMETER 


TEST CONDITIONS 

2N3265 

2N3266 

UNIT 





MIN 

MAX 

MIN 

MAX 


v (BR)CEO 

Collector-Emitter 

Breakdown Voltage 

1 c = 200 mA, 

l |3 = 0, See Note 5 

90 

60 

V 



V C E = 120 V, 

Vbe = —1.5 V 


20 


■CEV 

Collector Cutoff Current 

Vqe = 150 V, 

v B E = -1-5V 

20 


mA 

V C E = 120 V, 

V B E = -1.5 V, T c =125°c 


20 



V CE = 150 V, 

V B E = -1.5 V, T c =125°c 

20 



•ebo 

Emitter Cutoff Current 

V EB = 7V, 

o 

II 

o 

5 

15 

mA 

h F E 

Static Forward Current 

V C E = 3 V, 

IC=15A, See Notes 5 and 6 


20 

80 


Transfer Ratio 

V C E = 2 V, 

l c =15A, See Notes 5 and 6 

20 

55 



Vbe 

Base-Emitter Voltage 

«B = 2A, 

•c = 20 A, See Notes 5 and 6 

1.8 

2.2 

V 

v CE(sat) 

Collector-Emitter Saturation Voltage 

l B = 2A, 

Ic = 20 A, See Notes 5 and 6 

1 

1.6 

V 

bel 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

< 

o 

m 

o 

< 

IC = 3A, f = 5 MHz 

4 

4 



5 


^switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* 

2N3263 

2N3265 

2N3264 

2N3266 

UNIT 

MAX 

MAX 

t r Rise Time 

Ic - 15 A, l B (1) = 1-2 A, l B (2) = —1.2 A, 

V B E(off) = —6.3 V, R|_ = 2 n. See Figure 4 

0.5 

0.5 

US 

t s Storage Time 

1.5 

1.5 

tf Fall Time 

0.5 

0.5 

t on Turn-On Time 

0.5 

0.5 

t 0 ff Turn-Off Time 

2 

2 


* Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
•JEDEC registered data 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 


BASE-EMITTER VOLTAGE 


COLLECTOR-EMITTER SATURATION VOLTAGE 


COLLECTOR CURRENT 



COLLECTOR CURRENT 



0.1 0.2 0.4 1 2 4 10 20 40 100 


COLLECTOR CURRENT 


— r~rr 

T c = 25° 
- See Notes 

TTTTT1 

5 end 6 


- 






i£ = 

'B 

,L: 




. 5 5 ^ 

= 5- 

ull 


::: = = ^ 

' 'B 

_u 


0.1 0.2 0.4 1 2 4 10 20 40 100 


I c~ Collector Current— A 


Ic— Collector Current— A 


Ic-Collector Current— A 


FIGURE 1 


FIGURE 2 


FIGURE 3 


NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 
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TYPES 2N3263, 2N3264, 2N3265, 2N3266 
N-P-N SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 



NOTES: 


A. V gen is a — 30-V pulse (from 0 V) into a 50-fi termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 15 ns, tf < 15 ns, Z out = 50 f 2 , t w = 20 jus, 
duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, Rj n > 10 Mf2, Cj n <11.5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 


5 


FIGURE 4 


INDUCTIVE LOAD SWITCHING 



TEST CIRCUIT 


VOLTAGE AND CURRENT WAVEFORMS 


NOTE A: Input pulse width is increased until I cm = 10 A. 


FIGURE 5 
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TYPES 2N3263, 2N3264, 2N326S, 2N3266 
N-P-N SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREA 




1 2 4 7 10 20 40 70 100 1 2 4 7 10 20 40 70 100 

Vqe -C ollector-Emitter Voltage-V Vqe -C ollector-Emitter Voltage— V 

FIGURE 6 FIGURE 7 


THERMAL INFORMATION 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



50 75 100 125 150 175 200 


Tc~ Case Temperature— °C 


E 

=> 

E 

x 


I 



0 25 50 75 100 125 150 175 200 

T^— Free-Air Temperature— °C 


FIGURE 8 


FIGURE 9 
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TYPES 2N3418, 2N3419, 2N3420, 2N3421 
N-P-N EPITAXIAL PLANAR SILICON MEDIUM-POWER TRANSISTORS 


HIGH-FREQUENCY MEDIUM-POWER TRANSISTORS 
Formerly TIX3033, TIX3034, TIX3035, TIX3036 


• High-Power Dissipation in TO-5 Package: 

• Low-Leakage Current: 

• Low-Saturation Voltage: 

• High f T : 


15 watts at T c = 100°C 
0.5 p a at max voltage 
VcE (s „i)= 0.25 v max at l c = 1 a 
40 Me min at 10 v, 100 mo 


m C < 

< f= S 
JS 3 " 

° Z g 

m 


z P 


mechanical data 

These transistors are in precision welded, hermetically sealed enclosures. Extreme cleanliness during the 
assembly process prevents sealed-in contamination. The approximate unit weight is 1.8 grams. 



Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Collector Current, Continuous 

Collector Current, Peak (See Note 2) 

Base Current 

Safe Operating Region 

Total Device Dissipation at (or below) 100°C Case Temperature (See Note 3) 
Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) . 

Operating Case Temperature Range 

Storage Temperature Range 

Lead Temperature li\ich from Case for 10 Seconds 



NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for PW < 1 msec, Duty Cycle < 50%. 

3. Derate linearly to 200 °C case temperature at the rate of 0.15 w/C°. 

4. Derate linearly to 200°C free-air temperature at the rate of 5.72 mw/C°. 

"Indicates JEDEC registered data. 
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TYPES 2N3418, 2N3419, 2N3420, 2N3421 

N-P-N EPITAXIAL PLANAR SILICON MEDIUM-POWER TRANSISTORS 


^electrical characteristics at 25°C case temperature (unless otherwise noted) 






2N3418 

2N3419 

2N3420 

2N3421 

UNIT 


1 B9 1 LUnUIIIUNO 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

bv ceo 

Collector-Emitter 
Breakdown Voltage 

l c = 50ma, l B = 0, 

See Note 5 

60 

80 

60 

80 

V 



V C £ — 80 v, V k = -0.5v 

0.5 


0.5 


fia 

'cEX 

Collector Cutoff 

V ce = 120 v, V BE = — 0.5 v 


0.5 


0.5 

Current 

V CE = 80v, V 0E — — 0.5 v, 

T C =150°C 

50 


50 


fia 



V ce = 120v, V be = -0.5v, 

T c =150°C 


50 


50 


Emitter Cutoff 

V £b = 6v, l c — 0 

500 

500 

500 

500 

na 

'EBO 

Current 

V EB = 8 v » I C = ® 

10 

10 

10 

10 

fia 



V ce = 2v, l c = 100ma. 

See Notes 5 and 6 

20 

20 

40 

40 



Static Forward 
Current Transfer 

© 

if 

N 

ii 

£ 

See Notes 5 and 6 

20 

60 

20 

60 

40 

120 

40 

120 


h FE 

Vce = 2v, \ C = 2 *' 

See Notes 5 and 6 

15 

15 

30 

30 



Ratio 

V CE = 5v . I c = 5a ' 

See Notes 5 and 6 

10 

10 

15 

15 




v ce = 2v ' lc”! “/ 

T c — — 55°C 
See Notes 5 and 6 

10 

10 

10 

10 



Base-Emitter 

l B = 100ma, l c = l a. 

See Notes 5 and 6 

0.6 

1.2 

0.6 

1.2 

0.6 

1.2 

0.6 

1.2 


V BE 

Voltage 

l B = 200ma, l c = 2a. 

See Notes 5 and 6 

0.7 

1.4 

0.7 

1.4 

0.7 

1.4 

0.7 

1.4 

Y 

V CE(satJ 

Collector-Emitter 

l B = 100 ma, 1^ = 1 a. 

See Notes 5 and 6 

0.25 

0.25 

0.25 

0.25 


Saturation Voltage 

l B — 200 ma, l c = 2a. 

See Notes 5 and 6 

0.5 

0.5 

0.5 

0.5 

V 

K\ 

Small-Signal 

Common -Emitter 
Forward Current 
Transfer Ratio 

V CE — 10 v, l c = 100 ma, 

f “ 20 Me 

2 

2 

2 

2 


Cob 

Common- Base 
Open-Circuit 

Output Capacitance 

V CB =10v, l £ = 0, 

f=l Me 

150 

150 

150 

150 

pf 


NOTES: 5. These parameters must be measured using pulse techniques. PW = 300 fi sec, Duty Cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts located 0.25 in. from the header of the transistor. Voltage-sensing contacts are 
separate from current- carrying contacts. 


^switching characteristics at 25°C free-air temperature 


PARAMETER 

TEST CONDITIONSf 

TYP 

MAX 

UNIT 

ton 

Turn-0n Time 

l c = 1 a, l B (ij — 100 ma, 1 ^ 2 ) =: — 100 ma. 

165 

300 


toff 

Turn-Off Time 

V BE(off) = -3.7 v, R l = 20 ft. See Figure 10 

540 

1200 

nsec 

ton 

Turn-On Time 

lc = 2 a, 1 B (i) = 200 ma, 1 b( 2 ) = —200 ma. 

200 


toff 

Turn-Off Time 

VBE(off) = -4.7 v, R l = 20 ft, See Figure 10 

350 




fVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


’"Indicates JEDEC registered data 
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TYPES 2N3418, 2N3419, 2N3420, 2N3421 
N-P-N EPITAXIAL PLANAR SILICON MEDIUM-POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



0 I I I LJLLLLLI i — i l j Lnii IJ I . 1 I LLLLH 

0.01 0.03 0.1 0.3 1.0 3.0 10 


l c — Collector Current — a 
FIGURE 1 


STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



n l 1 1 1 111 I LL LLLi JJlLi 

0.01 0.03 0.1 0.3 1.0 3.0 10 


lc — Collector Current — a 
FIGURE 2 


COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 

CASE TEMPERATURE 


1 .0 


£ 0.1 


0.6 


0.4 


U 

I o.: 


□ 


z 




2N3418, 2N3419 

Ib = 

300 

na, lc 

= 3 



Sec 

Not 

js 7 a 

nd 8 




i 










\ 







l c = 2 a 


s -- 





— - 


— 




1 1 \ 

1 B — 1 00 ma\ 

V i - i A 


^M( 

l_ 

ax Vc 
= onr 

E(sat) 

— 

at 

i - 




Li 



'B 

"j"~4 — 1 

a 

r: 





~ 1 

“M 

ax Vc 
= 10C 

: (sat) 

1 ma, 

at 

i — 

a 





-in 

— — 

— 





~* B 







l~~l 1 






-75 -50 -25 0 25 50 75 100 125 150 175 

Tc — Case Temperature — °C 

FIGURE 3 


COLLECTOR-EMITTER SATURATION VOLTAGE 



Tc — Case Temperature — °C 
FIGURE 4 


NOTES: 7. These parameters were measured using pulse techniques. PW — 300 /tsec. Duty Cycle < 2%. 
8. Separate voltage-sensing and current-carrying contacts were used. 
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TYPES 2N3418, 2N3419, 2N3420, 2N3421 

N-P-N EPITAXIAL PLANAR SILICON MEDIUM-POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 



BASE-EMITTER VOLTAGE 


COMMON-BASE OPEN-CIRCUIT INPUT AND OUTPUT CAPACITANCE 



-75 -50 -25 0 25 50 75 100 125 150 175 

Tc — Case Temperature — °C 


FIGURE 5 



NORMALIZED COLLECTOR -EMITTER BREAKDOWN VOLTAGE 


Reverse Bias Voltage — v 





FIGURE 7 


MAXIMUM SAFE OPERATING REGION 



FIGURE 8 



V CE — Collector-Emitter Voltage — v 


FIGURE 9 
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TYPES 2N3418, 2N3419, 2N3420, 2N3421 
N-P-N EPITAXIAL PLANAR SILICON MEDIUM-POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 



5 



Nominal lc 

R1 

Vcc 

Vin(l) 

Vin(2) 

1 a 

82 Q 

20.3 v 

+16.0 v 

-1 .0 V 

2 a 

41 Q 

40.5 v 

+32.0 v 

-1.3 v 


CIRCUIT CONDITIONS 


FIGURE 10 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t r <15 nsec, t f <15 nsec, 

Z 0 ut = 50 Q, PW = 2 psec. Duty Cycle <2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: t r <15 nsec, Rj n 2:10 MQ, Cj n <11 .5 pf^ 

c. Resistors must be non-inductive types. 
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TYPES 2N3418, 2N3419, 2N3420, 2N3421 

N-P-N EPITAXIAL PLANAR SILICON MEDIUM-POWER TRANSISTORS 


THERMAL INFORMATION 


5 


CASE TEMPERATURE 

and 


1*- o 
S of 


FREE-AIR TEMPERATURE 



Ta or Tc — Temperature — °C 


FIGURE 11 


PEAK-POWER COEFFICIENT CURVE 



tp — Pulse Width — msec 
FIGURE 12 


SYMBOL DEFINITION 


SYMBOL 

DEFINITION 

VALUE 

UNIT 

P T(avg) 

Average Power Dissipation 


w 

P Tfmaxl 

Peak Power Dissipation 


w 

0J-A 

Junction-to-Free-Air Thermal Resistance 

175 

C°/w 

0J-C 

Junction-to-Case Thermal Resistance 

6.67 

C°/w 

$C-A 

Case-to-Free-Air Thermal Resistance 

168.33 

C°/w 

0C-HS 

Case-to-Heat Sink Thermal Resistance 


C®/w 

#HS-A 

Heat-Sink-to-Free-Air Thermal Resistance 


C°/w 

t a 

Free-Air Temperature 


°C 

T C 

Case Temperature 


°c 

T J(avg) 

Average Junction Temperature 

< 200 

°c 

^Jfmaxl 

Peak Junction Temperature 

< 200 

°c 

K 

Peak-Power Coefficient 

See Figure 12 


»P 

Pulse Width 


msec 

*x 

Pulse Period 


msec 

- 

Duty Cycle Ratio (» p / t x ) 




Example — Find P T(maxl ( des *9 n 
OPERATING CONDITIONS: 

0C-HS + ^HS-A =: 7 C°/w (From information supplied 
with heat sink.) 

T J{avg ) (design limit) = 200°C 
T A =50°C 
d = 10% (0.1) 
t p = 0.1 msec 


Equation No. 1 — Application: d-c power dissipation, 
heat sink used. 

p __ T J(avg) T A for 100® C < T c < 200° C, 

T{avg) 0j. c + Oc-hs + Ohs- A as in Fi 9 ure 11 

Equation No. 2 — Application: d-c power dissipation, 
no heat sink used. 

P — T J(avg) T A for 25°C < T a < 200°C, 

T(avg) ^ J A as in Figure 11 


Equation No. 3 — Application: Peak power dissipation, 
heat sink used. 


^Jfmaxt ^A 

'Umax) - d (0 C HS + 0 HS . A ) -f K 0j. c 


lor 100°C < T c < 200°C 


Equation No. 4 — Application: Peak power dissipation, 
no heat sink used. 


T J(maxl ~ T A 

' Ttmaxl d 0C A + K Oj.C 


for 25®C < T A < 200°C 


Solution: 

From Figure 12, Peak-Power Coefficient 

K = 0.155 and by use of equation No. 3 

_ __ Clima x ! ^A 

KSc-hs + Ohs-aI + K0J.C 

200 - 50 

P Tlmo»|— o.l (7) + 0.155(0.(7) **" 
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TYPES 2N3439, 2N3440 
N-P-N SILICON POWER TRANSISTORS 


HIGH-VOLTAGE POWER TRANSISTORS 
DESIGNED FOR INDUSTRIAL AND MILITARY APPLICATIONS 

• Min V(BR)CEO of 350 V (2N3439) 

• Max VcE(sat) of 0.5 V at lc = 50 mA 

• Min fj of 15 MHz at 10 V, 20 mA 

• 1 A Continuous Collector Current 

• 5 W at Tc = 25° C 


* mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


T . 

0-370 q J 35 
°D^ 5 0^305 D,A | 


0.100 MIN 
DETAILS OF OUTLINE IN 
THIS ZONE OPTIONAL 


3 COLLECTOR 



ALL DIMENSIONS ARE 
IN INCHES 
UNLESS OTHERWISE 
SPECIFIED 


ALL JEDEC TO-5 DIMENSIONS AND NOTES ARE APPLICABLE 



absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

*Collector-Base Voltage 

*Collector-Emitter Voltage (See Note 1) . . 

Emitter-Base Voltage 

"Continuous Collector Current 

Peak Collector Current (See Note 2) 

"Continuous Base Current 

Safe Operating Area at (or below) 25°C Case Temperature 

"Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) 

"Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) . . . . 

Operating Collector Junction Temperature Range 

"storage Temperature Range 

"Lead Temperature 1/16 Inch from Case for 10 Seconds 


2N3439 2N3440 
450 V 300 V 
350 V 250 V 

* 7 V ► 

◄ 1 A ► 

-« 1.5 A ► 

0.5 A ► 

See Figure 5 

5 W ► 

-• 1 W ► 

— 65°C to 200° C 
— 65°C to 200° C 
255°C ► 


NOTES: 1. These values apply between 0 and 50 mA collector current when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 1 0%. 

3. Derate linearly to 200° C case temperature at the rate of 28.6 mW/°C. 

4. Derate linearly to 200°C free-air temperature at the rate of 5.71 mW/° C. 

JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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TYPES 2N3439, 2N3440 

BULLETIN NO. DL-S 71 11476, MAY 1971 



TYPES 2N3439, 2N3440 

N-P-N SILICON POWER TRANSISTORS 



5-88 


electrical characteristics at 25° C case temperature 


PARAMETER 



2N3439 

2N3440 

UNIT 

1 CO 1 LUIVUI 1 IUIVO 

MIN 

MAX 

MIN 

MAX 

v (BR)CBO 

Collector-Base Breakdown Voltage 

1 q = 500 juA, 

*E “ 0 

450 

300 

V 

*V( B R)CEO 

Collector-Emitter Breakdown Voltage 

1C * 50 mA, 

lB = 0, See Note 5 

350 

250 

V 


Collector Cutoff Current 

Vcb = 360 V, 

l E “ o 

20 


mA 

o 

CO 

o 

V CB = 250V, 

o 

ii 

UJ 


20 

#, EBO 

Emitter Cutoff Current 

V E B = 6 V, 

o 

o 

20 

20 

mA 

*h FE 

Static Forward Current Transfer Ratio 

> 

o 

ii 

UJ 

o 

> 

lQ = 20mA, See Note 5 

40 

160 

40 

160 


*v be 

Base-Emitter Voltage 

Ib = 4 mA, 

l0 = 5OmA, See Note 5 

1.3 

1.3 

V 

*VcE(sat) 

Collector-Emitter Saturation Voltage 

IB = 4 mA, 

l0 = 5OmA, See Note 5 

0.5 

0.5 

V 

*hfe 

Small-Signal Common-Emitter 

Forward Current T ransfer Ratio 

> 

o 

ii 

UJ 

>° 

l C = 5mA, f = 1 kHz 

25 

25 


*hel 

Small-Signal Common-Emitter 

Forward Current T ransfer Ratio 

VcE = 10 V, 

|0= 20 mA, f = 5 MHz 

3 

3 


c obo 

Common-Base Open-Circuit 

Output Capacitance 

v CB = iov. 

l E = 0, f = 1 MHz 

10 

10 

PF 

^ibo 

Common-Base Open-Circuit 

Input Capacitance 

V EB = 5V, 

l C = 0, f = 1 MHz 

75 

75 

pF 

hie(real) 

Real Part of Small-Signal 

Common-Emitter Input Impedance 

o 

n 

UJ 

o 

> 

l C = 5mA, f = 1 MHz 

300 

300 

a 


NOTE 5: These parameters must be measured using pulse techniques. t w = 300 /us, duty cycle < 2%. 


thermal characteristics 


PARAMETER 

MAX 

UNIT 

^0JC J unction- to-Case Thermal Resistance 

35 

°c/w 

R#jA Junction-to-Free-Air Thermal Resistance 

175 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 1" 

TYP 

UNIT 

t on Turn-On Time 

lc = 100 mA, 1 b ( 1 ) ~ 10 mA, Ib( 2) “ “10 mA, 

VBE(off) = — ' 4.3 V, R|_ = 2 ka. See Figure 1 

0.3 

/us 

t Q ff Turn-Off Time 

2.9 


"^Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
*JEDEC registered data 
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TYPES 2N3439, 2N3440 
N-P-N SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 




NOTES: 


A. V g en is a —30 V pulse (from 0 V) into a 50-£2 termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 1 5 ns, tf < 15 ns, Z out = 50 £2, t w = 20 /us, 
duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, R- in > 10 M£2, Cj n < 1 1.5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 


5 


FIGURE 1 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 
vs 

COLLECTOR CURRENT 



FIGURE 2 

NOTE 5: These parameters must be measured using pulse techniques. t w 


COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 



-75 -50 -25 0 25 50 75 100 125 150 175 

Tq— C ase Temperature— °C 

FIGURE 3 

= 300 /us, duty cycle < 2%. 
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TYPES 2N3439, 2N3440 

N-P-N SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 



BASE-EMITTER VOLTAGE 
vs 



—75 -50 -25 0 25 50 75 100 125 150 175 


T c~ Case T emperature— ° C 


FIGURE 4 


NOTE 5: These parameters must be measured using pulse techniques. t w = 300 /is, duty cycle < 2%. 

MAXIMUM SAFE OPERATING AREA 



FIGURE 5 
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TYPES 2N3551, 2N3552 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 



HIGH-SPEED POWER SWITCH, ISOLATED COLLECTOR 
FORMERLY TIX210, TIX211 

• 40 Watts at 100°C Case Temperature 

• Maximum r c $ of 0.1 Ohm at 10 Amperes l c 

* Maximum V BE of 1.4 Volts at 10 Amperes l c 

* Maximum t 0 n of 300 nsec 


mechanical data 

These transistors are in precision welded, hermetically sealed enclosures. Extreme cleanliness during the 
assembly process prevents sealed-in contamination. The approximate unit weight is 3.8 grams. 



33 00 H 

m c ■< 
< r 2 
$ m co 

Sgs 

O ^ w 
m 2 g 

o o 2 

m • - 
2 O to 
oo r Z 
w 8 


> 

c 

CD 

c 

3 



* absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Continuous Collector Current 

Continuous Base Current 

Continuous Emitter Current 

Safe Operating Region at 100°C 

Case Temperature 

Continuous Device Dissipation at (or below) 25°C 

Free-Air Temperature (See Note 2) 

Continuous Device Dissipation at (or below) 100°C 

Case Temperature (See Note 3) 

Operating Collector Junction Temperature .... 

Operating Case Temperature Range 

Storage Temperature Range 

Lead Temperature 1/16 Inch from Case for 12 Seconds 


2N3551 2N3552 

1 15 v 140 v 

60 v 80 v 

* 7v ► 

4 12a *- 

< 5 a y 

< “12 a > 

See Figures 3 and 4 


1.2 w 



°C to + 175°C- 
65°C to + 200°C 
235°C - 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. Derate linearly to 175°C free-air temperature at the rote of 8mw/C°. 

3. Derate linearly to 175°C case temperature at the rate of 0.53 w/C°. 

* JEDEC registered data 
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TYPES 2N3551, 2N3552 

N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


^electrica l characteristics a* 25°C case temperature (unless otherwise noted) 


PARAMETER 

.. 



2N3551 

2N3552 

UNIT 

Itdl LUNUIIIUrO 


MIN 

MAX 

MIN 

MAX 

BVcbo 

Collector-Base 
Breakdown Voltage 

lc = 10 ma, 

Ie = o, 

See Note 4 

115 

140 

V 

BVceo 

Collector-Emitter 
Breakdown Voltage 

l c = 200 ma, 

Ib = 0, 

See Note 4 

60 

80 

V 



V CE = 110v, 

Vbe = -1.5v 


10 



Icev 

Collector Cutoff 

Vce ^ 135 v, 

Vbe = -1.5 v 



10 



Current 

Vce = 60 v, 

Vbe = -1.5 v, 

T c = 150°C 

10 


ma 



Vce = 80 v, 

Vbe = - 1.5 v, 

T c = 150°C 


10 


•ebo 

Emitter Cutoff 

Veb = 5 v, 

l c = 0 


0.1 

0.1 



Current 

Veb = 7 v, 

l c — 0 


1 

1 




Vce = 2 v, 

o 

II 

Ln 

p 

See Note 4 

25 

25 


Hfe 

Static Forward 

Vce = 2 v, 

lc = 10 a, 

See Note 4 

20 

90 

20 

90 



Current Transfer Ratio 

Vce = 2 v, 

lc ~ 10 a, 

Tc = — 55°C, 
See Note 4 

10 

10 


Vbe 

Base-Emitter 

l B = 0.5 a, 

lc = 5 a. 

See Note 4 

1.2 

1.2 

v 


Voltage 

Ib = 1 a, 

l c = 10 a, 

See Note 4 

1.4 

1.4 


VcE(sat) 

Collector-Emitter 

l B = 0.5 a, 

o 

II 

O 

See Note 4 

0.5 

0.5 



Saturation Voltage 

l B = 1 a, 

lc = 10 a, 

See Note 4 

1.0 

1.0 

V 

|h»l 

Small-Signal Common- 
Emitter Forward 

Current Transfer Ratio 

Vce = 10 v, 

lc = 3 a. 

f = 10 Me 

4 

4 


Cob 

Common-Base 
Open-Circuit Output 
Capacitance 

Vcb = 10 v, 

Ie = 0, 

f = 1 Me 

850 

850 

Pf 


NOTE 4: These parameters must be measured using pulse techniques. PW = 300 //sec, Duty Cycle < 2%. 



thermal characteristics 


PARAMETER 

MAX 

UNIT 

0j.c Junction-to-Case Thermal Resistance 

1.875 

C°/w 

0j. A Junction-to-Free-Air Thermal Resistance 

125 

C°/w 


* switching characteristics at 25 °C case temperature 


PARAMETER 

TEST CONDITIONS! 

MAX 

UNIT 

ton 

Turn-On Time 

I c — 10 a, 1 b{ i ) = 1 a, i 8 ( 2 ) — —1 a 

0.3 

//.sec 

toff 

Turn-Off Time 

VBE(off) = —6 v, Rl = 2.4fl, See Figure 1 

2.5 

//.sec 


tVoltage and current values shown are nominal; exact values vary slightly with device parameters. 
*JEDEC Registered Data 
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TYPES 2N3551, 2N3552 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 



VOLTAGE WAVEFORMS 

FIGURE 1 

NOTES: o. The input waveform is supplied by a generator with the following characteristics: t r < 20 nsec, t^ < 20 nsec, = 1 500 0, PW = 5 /x sec, 
Duty Cycle < 0.5%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: t f < 5 nsec, R jn > 1 MSZ, C jn < 5 pf. 

c. Resistors must be noninductive types. 
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TYPES 2N3551, 2N3552 

N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


THERMAL INFORMATION 



FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



CASE TEMPERATURE 



0 25 50 75 100 125 150 175 


T c — Case Temperature — °C 


FIGURE 1 


FIGURE 2 


MAXIMUM SAFE OPERATING REGIONS 


2N3551 




1.0 10 100 


Vq^ — Collector-Emitter Voltage — v 


FIGURE 3 


FIGURE 4 
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TYPES 2N3583, 2N3584, 2N3585, 2N4240 
N-P-N SILICON POWER TRANSISTORS 


HIGH-VOLTAGE POWER TRANSISTORS 
DESIGNED FOR INDUSTRIAL AND MILITARY APPLICATIONS 


Min V(BR)CEO of 300 V (2N3585, 2N4240) 

Typ VcE(sat) of 0.25 V at Ib = 125 mA, lc = 1 A 


• Typ ton of 0.2 M s, at 750 mA, 200 V (2N4240) 


• Min fT of 15 MHz at 10 V, 200 mA (2N4240) 

• 35 W at 25°C Case Temperature 



30OJH 

SgS 

SP.S 

SO M 
ro r- Z 


-fcg 


oc 


> cn 



absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) . . 

Continuous Base Current 

Safe Operating Area at 100°C Case Temperature 

Continuous Device Dissipation at (or below) 25°C Case Temperature 

(See Note 3) 

Continuous Device Dissipation at 100°C Case Temperature 

(See Note 3) 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature 

(See Note 4) 

Operating Collector Junction Temperature Range 

Storage Temperature Range 

Terminal Temperature 1/32 Inch from Case for 10 Seconds 


2N3583 
250 V* 
175 V* 

2N3584 

375 V* 
250 V* 

n ' 

2N3585 
500 V* 
300 V* 

i / * 

2N4240 
500 V* 
300 V* 


U V 

► 

1 A* 

2 A* 

2 A* 

2 A * 

5 A* 

5 A* 

5 A* 

5 A* 


1 A* 



^ See F igure 5 ^ 


35 W* ► 

20 W* ► 


• 2 W- 


- — 65°C to 200°C*- 
— 65°Cto 200°C*- 
235° C* 


NOTES: 1 . This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200° C case temperature at the rate of 0.2 W/°C. 

4. Derate linearly to 200° C free-air temperature at the rate of 1 1 .4 mW/°C. 


* JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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TYPES 2N3583, 2N3584, 2N3585, 2N4240 
N-P-N SILICON POWER TRANSISTORS 


^electrical characteristics at 25 C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N3583 

2N3584 

2N3585 

2N4240 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

Collector-Emitter 
V(BR)CEO) Breakdown voltage 

Iq = 200 mA, l B = 0, See Note 5 

175 

250 

300 

300 

V 

Collector Cutoff 
•CEO Current 

V CE - 150 V, lg = 0 

10 




mA 

Collector Cutoff 
' CEV Current 

V C E = 225 V, V BE = -1.5V 

1 




mA 

Vqe = 340 V, V BE = — 1.5 V 


1 



V C E = 450 V, V BE = -1.5 V 



1 

2 

V CE = 225 V, V BE = — 1.5 V, T C = 1 50° C 

3 




V C E - 300 V, V BE = —1.5 V, T c = 1 50° C 


3 

3 

5 

Emitter Cutoff 
' EB0 Current 

V E B = 6V, l C =0 

5 

0.5 

0.5 

0.5 

mA 

Static Forward 

h EE Current Transfer 

Ratio 

V C E = 10 V, l C = 0.5 A 

See Notes 

5 and 6 

40 200 





V CE =10V, l C = 1 A 

10 




V C E = 2 V, l C = 1 A 


o 

00 

00 

00 

8 


V C E = 2 V, l C - 0.75 A 



10 100 

VgE Base-Emitter Voltage 

l B = 75 mA, 10 = 0.75 A 

See Notes 

5 and 6 




1.8 

V 

l B = 0.1A, l C - 1 A 


1.4 

1.4 


V CE = 10V, l C =1A 

1.4 




Collector-Emitter 
CEIsat) Saturation voltage 

l B = 75 mA, l C = 0.75 A 

See Notes 

5 and 6 




1 

V 

l B = 125 mA, l C =1A 

5 

0.75 

0.75 


Small-Signal 

Common-Emitter 

hf e 

Forward Current 

Transfer Ratio 

V C E " 30 V, l C = 0.1 A, f = 1 kHz 

25 350 





Small-Signal 

. - Common-Emitter 

* Forward Current 

T ransfer Ratio 

V C E=10V, l C = 0.2 A, f = 5 MHz 

2 

2 

2 

3 



NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 fJLs, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 

*JEDEC registered data 


thermal characteristics 


PARAMETER 

MAX 

UNIT 

R 0JC Junction-to-Case Thermal Resistance 

5 

°c/w 

r 0JA Junction-to-Free-Air Thermal Resistance 

87.5 
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TYPES 2N3583, 2N3584, 2N3585. 2N4240 
N-P-N SILICON POWER TRANSISTORS 


“switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* 

2N3584 

2N3585 

2N4240 

UNIT 

TYP MAX 

TYP MAX 

t r Rise Time 

1C = 1 A / l B(1) = 100 mA, 1 b( 2) = -100 mA, 

v BE(off) = 4.3 V, R [_ = 200 12, See Figure 1 

1 3 


jUS 

t s Storage Time 

1.5 4 


tf Fall Time 

1 3 


t r Rise Time 

= 0.75 A, Ib( 1) = 75 mA, l B (2) = mA, 

v BE(off) = ~ 4 - 3 R(_ = 267 12, See Figure 1 


0.15 0.5 

MS 

t s Storage Time 


2.5 6 

tf Fall Time 


0.5 3 


tvoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
•JEDEC registered data 


PARAMETER MEASUREMENT INFORMATION 




CIRCUIT CONDITIONS 


NOMINAL l C 

r BB1 

R BB2 

r L 

1 A 

37 12 

5312 

20012 

0.75 A 

5012 

7012 

26712 


NOTES: 


A. V gen is a -30-V pulse (from 0 V) into a 50-12 termination. 

B. The V gen waveform is supplied by a generator with following characteristics: t r < 1 5 ns, tf < 1 5 ns, Z out = 50 12, t w 
duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, Rj n >10 M12, C, n < 1 1.5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 


20 jus. 


FIGURE 1 
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TYPES 2N3583, 2N3584, 2N3585, 2N4240 
N-P-N SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 



J 

1 


2N3583 

STATIC FORWARD CURRENT 
TRANSFER RATIO 
vs 



O.OI 0.02 0.04 0.1 0.2 0.4 0.7 1 2 4 


lc— Collector Current— A 


FIGURE 2 


BASE-EMITTER VOLTAGE 
vs 


COLLECTOR CURRENT 



0.01 0.02 0.04 0.07 0.1 0.2 0.4 0.7 1 


| 

8 


COLLECTOR-EMITTER 
SATURATION VOLTAGE 


vs 


COLLECTOR CURRENT 


£=8 

'B 

Tc = 2Ef C 









SeeN 

otes 

5a 

nd 

6 



























































- 
















0.01 0.02 0.04 0.07 0.1 0.2 0.4 0.7 1 


1C— Collector Current-A 


I C— Collector Current— A 


FIGURE 3 


FIGURE 4 


NOTES: 5. These parameters must be measured usihg pulse techniques. t w = 300 jus, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 
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* mechanical data 


TYPES 2N3713, 2N3714, 2N3715, 2N3716 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND SWITCHING APPLICATIONS 

• 150 W at 25°C Case Temperature 

• 10 A Rated Collector Current 

• Min f h(e of 30 kHz 

• Minf, of 4 MHz 


ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


U- 1.573 MAX— I 



1 - BASE — ' MEASUREMENT POINT 


DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


*Collector-Base Voltage 

*Collector-Emitter Voltage (See Note 1) 

*Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) 

Continuous Base Current 

Cafe Operating Region at (or below) 25°C Case Temperature . . . 

Continuous Device Dissipation at (or below) 25°C Case 

Temperature (See Note 3) 

Continuous Device Dissipation at (or below) 25°C Free-Air 

Temperature (See Note 4) 

*Operating Collector Junction Temperature Range 

*Storage Temperature Range 

Lead Temperature Xa Inch from Case for 10 Seconds 


2N3713 2N3714 2N3715 2N3716 
80V 100V 80V 100V 

60 V 80 V 60 V 80 V 


■< 7 V ► 

■< 10 A > 

■< 15 A >• 

< 4 A >- 

See Figures 8 and 9 

■< 150 W >- 

< 4 W >■ 

65°C to 200°C >■ 

4 65°C to 200° C >- 

-< 235 °C ^ 


NOTES: I. This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t p = 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 0.855 W/deg. 

4. Derate linearly to 200°C free-air temperature at the rate of 22.9 mW/deg. 


+ Indicates JEDEC registered data 
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TYPES 2N3713, 2N3714, 2N3715, 2N3716 

N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


* electrical characteristics at 25 °C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N3713 

2N3714 

2N3715 

2N3716 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

v Collector-Emitter 

'inyao Breakdown Vo |, age 

lc = 200 mA, l B = 0, See Note 5 

60 

80 

60 

80 

V 

, Collector Cutoff 

,CEO Current 

V C € = 30 V, l B = 0 

0.7 


0.7 


mA 

V C € — 40 V, l B = 0 


0.7 


0.7 

. Collector Cutoff 

,CEV Current 

V C i = 80V, Vbe — — 1 .5 V 

1 


1 


mA 

V ce = 100 V,Vbe = -1.5 V 


1 


1 

V CE = 60 V, V re = -1.5 V, Tc = 150°C 

10 


10 


mA 

V CE = 80 V, V K = -1.5 V, T c = 150°C 


10 


10 

. Emitter Cutoff 

EBO Current 

Veb — 7 V, l c — 0 

1 

1 

1 

1 

mA 

Static Forward 
h FE Current Transfer 

Ratio 

Vce = 2 V, lc = 1 A, See Notes 5 and 6 

25 75 

25 75 

50 150 * 

50 150 


Va- = 2 V, lc = 3 A, See Notes 5 and 6 

15 

15 

30 

30 

Vc€ = 4V, lc = 10 A, See Notes 5 and 6 

5 

5 

5 

5 

v Base-Emitter 

K Voltage 

V C e = 2 V, lc = 5 A, See Notes 5 and 6 

2 

2 

1.8 

1.8 

V 

Vcc = 4 V, l c ~ 10 A, See Notes 5 and 6 

4 

4 

4 

4 

v Collector-Emitter 

cemi Saturation Voltage 

l B = 0.5 A, l c = 5 A, See Notes 5 and 6 

1 

1 

0.8 

0.8 

V 

Ib = 2 A # l c = 10 A, See Notes 5 and 6 

4 

4 ! 

4 

4 

Small-Signal 

. Common-Emitter 

fe Forward Current 

Transfer Ratio 

Vce= 10V, l c = 0.5 A, f = 1 kHz 

25 250 

25 250 

25 250 

25 250 


Small-Signal 

, | Common-Emitter 

• hfe ' Forward Current 

Transfer Ratio 

Vce = 10V, l c = 0.5A, f = 1 MHz 

4 

4 

4 

4 


Small-Signal 
Common-Emitter 
f hfe Forward Current 

Transfer Ratio 

Cutoff Frequency 

V C e = 10V, lc = 0.5 A 

30 

30 

30 

30 

kHz 

Common-Base 

C 0 bo Open-Circuit 

Output Capacitance 

Vcb = 10V, l E = 0, f= 100 kHz 

250 

250 

250 

250 

PF 


NOTES: 5. These parameters must be measured using pulse techniques. t p = 300 /is, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 



thermal characteristics 


PARAMETER H 

MAX 

UNIT 

0J-C 

Junction-to-Case Thermal Resistance 


1.17 

deg/W 

0J-A 

Junction-to-Free-Air Thermal Resistance 


43.7 


'"Indicates JEDEC registered data 
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TYPES 2N3713, 2N3714, 2N3715, 2N3716 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


switching characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONSf 

TYP 

UNIT 

ton Turn-0n Time 

lc = 1 A, 1 b(i ) = 100 mA, 1 b(2) = -100 mA, 

V BE(off) = -3.7 V, R l = 20 n, See Figure 1 

450 

ns 

t off Turn-Off Time 

350 


fVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 





VOLTAGE WAVEFORMS 

FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t f < 15 ns, t f < 15 ns, = 50 J2, t p = 10 /xs, duty cycle < 2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, R in > 10 Mfl, C in < 11.5 pF. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 
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TYPES 2N3713, 2N3714, 2N37I5, 2N3716 

N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 



TYPICAL CHARACTERISTICS 


2N3713r 2N3714 

STATIC FORWARD CURRENT TRANSFER RATIO 
vs 


COLLECTOR CURRENT 



BASE-EMITTER VOLTAGE 


vs 

CASE TEMPERATURE 



FIGURE 4 


2N3715, 2N3716 

STATIC FORWARD CURRENT TRANSFER RATIO 
vs 


COLLECTOR CURRENT 



COLLECTOR-EMITTER SATURATION VOLTAGE 


vs 



T c — Case Temperature — °C 

FIGURE 5 


NOTES: 5. These parameters must be measured using pulse techniques. t p = 300 fis, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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TYPES 2N3713, 2N3714, 2N3715, 2N3716 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


NORMALIZED COLLECTOR-EMITTER BREAKDOWN VOLTAGE 


vs 



FIGURE 6 


COMMON-BASE OPEN-CIRCUIT OUTPUT CAPACITANCE 


vs 



1 2 4 7 10 20 40 70 100 

V CB — Collector-Base Voltage —V 

FIGURE 7 



MAXIMUM SAFE OPERATING REGIONS 

2N3713, 2N3715 2N37I4» 2N3716 



V CE — Collector-Emitter Voltage — V 

FIGURE 8 



V CE — Collector-Emitter Voltage — V 

FIGURE 9 


NOTES: 5. This parameter must be measured using pulse techniques. t p = 300 /cs, duty cycle < 2%. 
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TYPES 2N3713, 2N3714, 2N3715, 2N3716 

N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


THERMAL INFORMATION 



DISSIPATION DERATING CURVE 



T c — Case Temperature — °C 

FIGURE 10 

SYMBOL DEFINITION 


SYMBOL 

DEFINITION 

VALUE 

UNIT 

P T(av) 

Average Power Dissipation 


W 

P T(max) 

Peak Power Dissipation 


w 

#J-A 

Junction-to-Free-Air Thermal Resistance 

43.7 

deg/W 

0J-C 

Junction-to-Case Thermal Resistance 

1.17 

deg/W 

#C-A 

Case-fo-Free-Air Thermal Resistance 

42.5 

deg/W 

0C-HS 

Case-to-Heat-Sink Thermal Resistance 


deg/W 

#HS-A 

Heat-Sink-to-Free-Air Thermal Resistance 


deg/W 

t a 

Free-Air Temperature 


°C 

T C 

Case Temperature 


°C 

T J(av) 

Average Junction Temperature 

< 200 

°C 

^J(max) 

Peak Junction Temperature 

< 200 

°C 

K 

Peak-Power Coefficient 

See Figure 11 


f P 

Pulse Width 


ms 

»x 

Pulse Period 


ms 

d 

Duty Cycle Ratio (t p /» x ) 




Example — Find Pj( max j (design limit) 

OPERATING CONDITIONS: 

$C-HS “t" ^HS-A = 2.25 de 9/W ( from information supplied 
with heat sink.) 

Tj(av) (design limit) = 200°C 
T a = 50°C 
d = 10% (0.1) 
t p = 0.1 ms 


PEAK-POWER COEFFICIENT CURVE 



t p — Pulse Width — ms 

FIGURE 11 

Equation No. 1 — Application: d-c power dissipation, 
heat sink used. 

p _ T J(av ) ~ t a for 25 °C < T c < 200°C, 

TlaV) 0J-C + 0C-HS + 0HS-A asin fi 9 ure 1°- 

Equation No. 2 — Application-, d-c power dissipation, 
no heat sink used. 

P T[av) = - T - ^ V) ~ TA for 25°C < T A < 200°C 
0J-A 


Equation No. 3 — Application: Peak power dissipation, 
heat sink used. 


P T(max) 


J(max) ~ 


d (f^C-HS + 0HS-A) + K 0J-C 


-for 25 °c < T c < 200°C 


Equation No. 4 — Application: Peak power dissipation, 
no heat sink used. 


P T[max) “ 


T J(max) ~ T A 

d 0 C -A + K(9j. c 


for 25 °C < T a < 200° C 


Solution-. 

From figure 11, Peak-Power Coefficient 

K =0.11 and by use of equation No. 3 

p _ ^J(max) ~ ^A 

T,m * x| <M0 chs + 0hs-a) + * 0J-C 
200 - 50 

P Tfmayl = = 424 W 

1 ' 0.1 (2.25) + 0.11 (1.17) 
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TYPES 2N3719, 2N3720 
P-N-P SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP501, TIP502 

• Max t 0 ff of 0.4 ms at lc = 1 A 

• 3-A Rated Continuous Collector Current 

• 6 Watts at 25° C Case Temperature 

• Min f T of 60 MHz at 10 V, 0.5 A 


* mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



ALL JEDEC TO-5 DIMENSIONS AND NOTES ARE APPLICABLE 



absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

*Collector-Base Voltage 

*Collector-Emitter Voltage (See Note 1) 

* Emitter-Base Voltage 

Continuous Collector Current 

*Peak Collector Current (See Note 2) 

Continuous Base Current 

*Safe Operating Areas at (or below) 25°C Case Temperature 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 
^Operating Collector Junction Temperature Range 

* Storage Temperature Range 

*Lead Temperature 1/16 Inch from Case for 10 Seconds 


2N3719 2N3720 
-40 V -60 V 
-40 V -60 V 
-4 V -4 V 

* 10 A ► 

<« 0.5 A ► 

See Figures 3 and 4 

6 W ► 

1 W ► 

— 65°C to 200° C 
— 65°C to 200° C 
300° C ► 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.5 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 34.3 mW/°C or refer to Dissipation Derating Curve, Figure 5. 

4. Derate linearly to 200°C free-air temperature at the rate of 5.71 mW/°C or refer to Dissipation Derating Curve, Figure 6. 
JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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BULLETIN NO. DL-S 71 11606, DECEMBER 1971 



TYPES 2N3719, 2N3720 

P-N-P SILICON POWER TRANSISTORS 


^electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N3719 

2N3720 

UNIT 

MIN MAX 

MIN MAX 

Collector-Emitter 
(BR)CEO Breakdown Voltage 

lc = — 20 mA, Ib = 0, See Note 5 

-40 

-60 

V 

Collector Cutoff 
' CEV Current 

Vqe = “40 V, V B e = 2 V 

-10 


mA 

V C E = -60 V, V B e = 2 V 


-10 

V CE = —40 V, V B e = 2V, T C =150°C 

-1 


mA 

V CE = -60 V, V B e = 2 V, T C = 1 50° C 


-1 

Collector Cutoff 
' CB0 Current 

Vcb = -40V, l E = 0 

-10 


mA 

V CB = — 60 V, l E = 0 


-10 

Emitter Cutoff 
' EB0 Current 

V EB = -4V, l C = 0 

-1 

-1 

mA 

Static Forward 
hpE Current Transfer 

Ratio 

V C E = -T5V, l C = —0.5 A 

See Notes 5 and 6 

20 

20 


Vqe = —1-5 V, l c = — 1 A 

25 180 

25 180 

Vqe = —1-5 V, l c = —1 A, T C = — 40°C 

15 

15 

V B e Base-Emitter Voltage 

l B = -100 mA, I C = -1A, 

T C = -40°Cto 100°C 

See Notes 5 and 6 

-1.5 

-1.5 

V 

l B = -300 mA, l C = — 3 A, 

T C = -40° C to 100°C 

-2.3 

-2.3 

Collector-Emitter 
CE(sat) Saturation Voltage 

Ib = — 100 mA, 1 c — — 1 A, 

T c = — 40°C to 100°C 

See Notes 5 and 6 

-0.75 

-0.75 

V 

l B = -300 mA, l C = — 3 A, 

T C = — 40°C to 100°C 

-1.5 

-1.5 

Small-Signal 

i. i Common-Emitter 

hf e 

' ' Forward Current 

Transfer Ratio 

Vqe - — 10 V, l C - —0.5 A, f=30MHz 

2 

2 


Common-Base 

Cobo Open-Circuit 

Output Capacitance 

V CB = -10V, l E = 0, f= 100 kHz 

120 

120 

PF 

Common-Base 

Cjbo Open-Circuit 

1 nput Capacitance 

Veb = —°*5 V, lc = 0, f= 100 kHz 

1000 

1000 

pF 


NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 ms, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


^switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS^ | 

MAX 

UNIT 

ton 

Turn-On Time 

IC = -1 A, 

R [_ = 12 ft. 

1 B ( 1 ) = —0- 1 A, 

See Figure 1 

VBE(off) = 4V, 

0.1 

MS 

toff 

Turn-Off Time 

IC = ~1 A, 

R l = 12 ft. 

•BID 0.1 A, 

See Figure 2 

1 B (2) = 0.1 A, 

0.4 


T Voltage and current values shown are nominal exact values vary slightly with transistor parameters. 
* JEDEC registered data 
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TYPES 2N3719, 2N3720 
P-N-P SILICON POWER TRANSISTORS 


•PARAMETER MEASUREMENT INFORMATION 



TEST CIRCUIT 


VOLTAGE WAVEFORMS 


FIGURE 1-TURN-ON TIME 




TEST CIRCUIT 


VOLTAGE WAVEFORMS 


FIGURE 2-TURN-OFF TIME 


NOTES: a. The input waveforms are supplied by a generator with the following characteristics: t r < 10 ns, tf < 10 ns, Z out = 50 SI, 
t w = 10 jus, duty cycle < 2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 5 ns, R-, n >10 kfi, Cj n < 1 1.5 pF. 

c. Resistors must be non inductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 

* JEDEC registered data 
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TYPES 2N3719, 2N3720 

P-N-P SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 

2N3719 2N3720 




0 -5 -10 -15 -20 -25 -30 -35 -40 -45 -50 



VcE-Collector-Emitter Voltage— V 

FIGURE 3 


VcE~ Collector Emitter Voltage— V 

FIGURE 4 


NOTE 7: Areas defined by dashed lines apply for nonrepetitive-pulse operation. The pulse may be repeated after the device has regained 


thermal equilibrium. 


THERMAL INFORMATION 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 


o 

o 



0 25 50 75 100 125 150 175 200 



0 25 50 75 100 125 150 175 200 


Tc— Case Temperature— °C 


Ta~ F ree-Air Temperature-°C 


FIGURE 5 


FIGURE 6 
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or represent that they ore free from potent infringement. 
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TYPES 2N3771, 2N3772 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


FOR UNTUNED POWER-AMPLIFIER APPLICATIONS 

150 W at 25°C Case Temperature 
30 -A Rated Continuous Collector Current (2N3771) 
20-A Rated Continuous Collector Current (2N3772) 


* mechanical data 



ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



DIMENSIONS ARE IN INCHES 


5 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


2N3771 2N3772 

Collector-Base Voltage 50 V* 100 V* 

Collector-Emitter Voltage (See Note 1) 50 V* ^ ^80 V* t 

Collector-Emitter Voltage (See Note 2) 40 V* 60 V* 

Emitter-Base Voltage 5 V* 7 V* 

Continuous Collector Current 30 A* 20 A* 

Peak Collector Current (See Note 3) 30 A* ^ 

Continuous Base Current 7.5 A* 5 A* 

Peak Base Current -4 15 A* ^ 

Safe Operating Region See Figure 1* 

Continuous Dissipation at (or below) 25°C Case Temperature (See Note 4) . . . -4 150 W* ^ 

Operating Collector Junction Temperature Range — 65°C to 200°C* 

Storage Temperature Range — 65°C to 200°C* 

Lead Temperature Inch from Case for 10 Seconds ^ 235°C* ^ 


NOTES: 1. These values apply when the base-emitter voltage V BE = —1.5 V. 

2. These values apply when the base-emitter diode is open-circuited. 

3. This value applies for a nonrepetitive pulse of any duration for the 2N3771, or of 500-ms maximum duration for the 2N3772. 

4. Derate linearly to 200°C case temperature at the rate of 0.855 W/deg see figure 2. 

♦Indicates JEDEC registered data 

tTexas Instruments guarantees this value in addition to the JEDEC registered value which is also shown. 
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TYPES 2N3771, 2N3772 
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TYPES 2N3771, 2N3772 

N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


^electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 




..... 

2N3771 

2N3772 

UNIT 



MIN 

MAX 

MIN 

MAX 

V(BR)CEO 

Collector Emitter Breakdown Voltage 

l c = 200 mA 

Ib = 0, 

See Note 5 

40 

60 

V 


Collector Cutoff Current 

Vce = 30 V, 

l B = 0 


10 


mA 

'CEO 

Vce = 50 V, 

l B = 0 



10 

IcBO 

Collector Cutoff Current 

V CB = 50 V, 

l E = 0 


2 


mA 

V CB = 100 V, 

Ie = o 



5 



Vce = 50 V, 

V BE = -1.5 V 


2 



IcEV 

Collector Cutoff Current 

V CE == 100 V, 

V be = -1-5 V 



5 

mA 



V CE = 30 V, 

Vbe = -1.5 V, 

T c = 150°C 

10 

10 


•ebo 

Emitter Cutoff Current 

Veb = 5 V, 

lc = 0 


5 


mA 

Veb = 7 V, 

lc = 0 



5 



Vce = 4 V, 

lc = 10 A, 

See Notes 5 and 6 


15 

60 


Hfe 

Static Forward Current 

Vce = 4 V, 

lc = 15 A, 

See Notes 5 and 6 

15 

60 



Transfer Ratio 

Vce = 4 V, 

lc = 20 A, 

See Notes 5 and 6 


5 




Vce = 4 V, 

lc = 30 A, 

See Notes 5 and 6 

5 



Vbe 

Base-Emitter Voltage 

Vce = 4 V, 

lc = 10 A, 

See Notes 5 and 6 


2.2 

V 

Vce = 4 V, 

l c = 15 A, 

See Notes 5 and 6 

2.7 




Ib — 1 A, 

lc = 10 A, 

See Notes 5 and 6 


1.4 


VcE(sat) 

Collector-Emitter Saturation Voltage 

l B = 1.5 A, 

lc = 15 A, 

See Notes 5 and 6 

2 


V 

Ib = 4 A ; 

lc = 20 A, 

See Notes 5 and 6 


4 



l B = 6 A, 

lc = 30 A, 

See Notes 5 and 6 

4 



Hfe 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

Vce = 4 V, 

lc = 1 A, 

f = 1 kHz 

40 

40 


M 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

Vce = 4 V, 

lc = 1 A, 

f = 50 kHz 

4 

4 



NOTES: 5. These parameters must be measured using pulse techniques. t p = 300 fii, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
’"Indicates JEDEC registered data 
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TYPES 2N3789, 2N3790, 2N3791, 2N3792 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N3713 THRU 2N3716 


• 150 Watts at 25°C Case Temperature 

• 10 A Rated Collector Current 

• Min f T of 4 MHz at 10 V, 500 mA 


• Min f hfe of 30 kHz at 10 V, 500 mA 


*mechanical data 


ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 




5 


absolute maximum ratings at 25° C case temperature (unless otherwise noted) 


*Collector-Base Voltage 

’Collector-Emitter Voltage (See Note 1 ) 

’Emitter-Base Voltage 

’Continuous Collector Current 

Peak Collector Current (See Note 2) 

’Continuous Base Current 

’Safe Operating Region at (or below) 25°C Case Temperature 

* Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) . . . 

’Operating Collector Junction Temperature Range 

’Storage Temperature Range 

Lead Temperature 1/16 Inch from Case for 10 Seconds 


2N3789 2N3790 

2N3791 2N3792 

-60 V -80 V 

-60 V -80 V 



See Figures 6 and 7 

■< 150 W >- 

-< 4 W >- 

-65°C to 200°C 
-65°C to 200°C 
-< 235°C h 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t p = 0.3 ms, duty cycle <10%. 

3. Derate linearly to 200°C case temperature at the rate of 0.855 W/deg. 

4. Derate linearly to 200°C free-air temperature at the rate of 22.9 mW/deg. 

* Indicates JEDEC registered data 
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TYPES 2N3789, 2N3790, 2N3791, 2N3792 
BULLETIN NO. DL-S 6810050, NOVEMBER 1968 



TYPES 2N3789, 2N3790, 2N3791, 2N3792 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


"electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N3789 

2N3790 

2N3791 

2N3792 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

w Collector- Emitter 

V (BR)CEO 

Breakdown Voltage 

l c = -200 mA, l B - 0, 

See Note 5 

-60 

-80 

-60 

-80 

V 

*CEO Collector Cutoff Current 

V ce = -30V, l B * 0 

-10 


-10 


mA 

V CE »-40V, l B ® 0 


-10 


-10 

Ice V Collector Cutoff Current 

V CE * -60 V, V BE = 1.5 V 

-1 


-1 


mA 

V CE ■ -80 V, V BE ■ 1.5 V 


-1 


-1 

V CE =-60V, V be = 1.5 V, 
T c = 150°C 

-5 


-5 


V CE ® -80 V, V BE = 1.5 V, 
T c - 150°C 


-5 


-5 

Iebo Emitter Cutoff Current 

V EB -7V, l C * 0 

-5 

-5 

-5 

-5 

mA 

h Static Forward Current 

"FE 

T ransfer Ratio 

V CE * -2 V, l C = -1 A, 

See Notes 5 and 6 

25 90 

25 90 

50 180 

50 180 


V CE * -2 V, l C = -3 A, 

See Notes 5 and 6 

15 

15 

30 

30 

V CE = -4 V, l c = -10 A, 

See Notes 5 and 6 

4 

4 

4 

4 

V BE Base-Emitter Voltage 

V CE 33 -2 V, l C = -5 A, 

See Notes 5 and 6 

-2 

-2 

- 1.8 

- 1.8 

V 

V CE 53 -4 V, l C 88 -10 A, 

See Notes 5 and 6 

-4 

-4 

-4 

-4 

VcE(sat) Collector-Emitter 

Saturation Voltage 

l B ■ -0.4 A, | C m .4 A, 

See Notes 5 and 6 

-1 

-1 



V 

1 b “ “0-5 A, l C = -5 A, 

See Notes 5 and 6 



-1 

-1 

l B = -2 A, l c ■ -10 A, 

See Notes 5 and 6 

-4 

-4 

-4 

-4 

Small-Signal Common-Emitter 

Forward Current T ransfer Ratio 

V CE = -10 V, l c * -0.5 A, 

f - 1 kHz 

25 250 

25 250 

25 250 

25 250 


| hfe | Small-Signal Common- Emitter 

Forward Current Transfer Ratio 

V CE = -10 V, l c = -0.5 A, 
f - 1 MHz 

4 

4 

4 

4 


Small-Signal Common-Emitter 
fhfe Forward Current Transfer Ratio 

Cutoff Frequency 

V CE - -10 V, l c = -0.5 A, 
See Note 7 

30 

30 

30 

30 

kHz 

p Common-Base Open-Circuit 

i# obo 

Output Capaciltance 

Vcb'-IOV, l E * 0 , 
f - 100 kHz 

500 

500 

500 

500 

pF 


NOTES: 5. These parameters must be measured using pulse techniques. t p * 300 ms. duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 

7. fhfe > s the frequency at which the magnitude of the small-signal forward current transfer ratio is 0.707 of its low-frequency 
value. For this device, the reference measurement is made at 1 kHz. 

* indicates JEDEC registered data 

thermal characteristics 


PARAMETER 

MAX 

UNIT 

9 j„c Junction-to-Case Thermal Resistance 

1.17 

deg/W 

$ j-a Junction-to-Free-Air Thermal Resistance 

43.7 
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TYPES 2N3789, 2N3790, 2N3791, 2N3792 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONSt 

TYP 

UNIT 

t on Turn-On Time 

1 c — -1 A, 1 b ( i ) = -100 m A, 1 b ( 2) = 100 m A, 

0.35 

fXS 

t 0 f f Turn-Off Time 

v BE(off) = 3.7 V, R |_ = 20 Q , See Figure 1 

0.8 


t Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 



5 


+ 1 V 


-16 V 


^ 10% r 

_j\ Ao 


INPUT 


I t I 

M r nn M 


- 'off 


90 %^^" 


vi 


OUTPUT 


10%- J 


VOLTAGE WAVEFORMS 

FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t r < 15 ns, tf < 15 ns, Z out - 50 12, 
t p = 10 /ms, duty cycle <2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: t r ^ 1 5 ns, R j n ^ 1 0 M12, C in <11.5 pF. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 
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TYPES 2N3789, 2N3790, 2N3791, 2N3792 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 



2N3789, 2N3790 

STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



- 0.1 - 0.2 - 0.4 - 0 . 7-1 -2 -4 -7 -10 

l c — Collector Current — A 

FIGURE 2 


2N3791, 2N3792 

STATIC FORWARD CURRENT TRANSFER RATIO 
vs 



- 0.1 - 0.2 - 0.4 - 0 . 7-1 -2 -4 - 7-10 

l c — Collector Current — A 


FIGURE 3 


BASE-EMITTER VOLTAGE 


vs 



■ 0.1 - 0.2 - 0.4 - 0.7 -1 -2 -4 -7 -10 


COLLECTOR-EMITTER SATURATION VOLTAGE 


vs 



- 0.1 - 0.2 - 0.4 - 0 . 7-1 -2 -4 - 7-10 


lc — Collector Current — A 


l c — Collector Current — A 


FIGURE 4 


FIGURE 5 


NOTES: 5. These parameters must be measured using pulse techniques. t p = 300 jus, duty cycle <-2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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TYPES 2N3789, 2N3790, 2N3791, 2N3792 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING REGIONS 


2N3789, 2N3791 



FIGURE 6 



■o.l I I I I . 1 . 1. LIU I I Li -Li ID 

-1 -2 -4 -7 -10 -20 -40 - 70-100 


V CE — Collector-Emitter Voltage — V 

FIGURE 7 
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TYPES 2N3789, 2N3790, 2N3791, 2N3792 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


5 


THERMAL INFORMATION 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



T c — Case Temperature — °C 

FIGURE 8 


PEAK-POWER COEFFICIENT CURVE 



FIGURE 9 


SYMBOL DEFINITION 


SYMBOL 

DEFINITION 

VALUE 

UNIT 

P T(av ) 

Average Power Dissipation 


W 

P T|max) 

Peak Power Dissipation 


w 

0J-A 

Junction-to-Free-Air Thermal Resistance 

43.7 

deg/W 

0J-C 

Junction-to-Case Thermal Resistance 

1.17 

deg/W 

#C-A 

Case-to-Free-Air Thermal Resistance 

42.5 

deg/W 

0C-HS 

Case-to-Heat-Sink Thermal Resistance 


deg/W 

0HS-A 

Heat-Sink-to-Free-Air Thermal Resistance 


deg/W 

t a 

Free-Air Temperature 


°C 


Case Temperature 


°C 

T J(avJ 

Average Junction Temperature 

< 200 

°c 

^J(max) 

Peak Junction Temperature 

< 200 

°c 

K 

Peak-Power Coefficient 

See Figure 9 


*P 

Pulse Width 


ms 

»* 

Pulse Period 


ms 

d 

Duty Cycle Ratio (t p /t x ) 




Example — Find Py( max j (design limit) 

OPERATING CONDITIONS: 

$C-HS "t" 0h$-A = 2-25 deg/W (From information supplied 
with heat sink.) 

T j( av j (design limit) = 20Q°C 
T a = 50°C 
d = 10% (0.1) 
t p = 0.1 ms 


Equation No. 1 — Application: d-c power dissipation, 
heat sink used. 


p _ T J(«v)- t a for 25 °C < T c < 200° C, 

0J-C + 0C-HS + 0HS-A os in F 'S ure 8 - 

Equation No. 2 — Application: d-c power dissipation, 
no heat sink used. 

P T(av ) = - % . r T A f or 25°C < T A < 200°C 
0J-A 


Equation No. 3 — Application: Peak power dissipation, 
heat sink used. 


r T(max) 


1 J(max) ~ 


d (#C-H$ + #HS-a) + K 0J-C 


for 25 °C < T c < 200°C 


Equation No. 4 — Application: Peak power dissipation, 
no heat sink used. 


P T(max) 


T J(max) ~ T A 

"flc.A + «9j.c 


for 25°C < I A < 20€°C 


Solution: 

From Figure 9, Peak-Power Coefficient 

K = 0.11 and by use of equation No. 3 


P T(max) — ‘ 


1 J(max) " 


d (0C-HS + ^HS-a) + K #J-C 
200 - 50 


r T(max) ' 


0.1(2.25) + 0.11(1.17) 


- = 424 W 
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TYPES 2N3846, 2N3847 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 



FOR POWER-AMPLIFIER APPLICATIONS 

• 150 Watts at 100°C Case Temperature 

• 200 V, 300 V Rated Collector-Emitter Voltages 

• Max V ce ,«.„ of 0.75 V at 10 A l c 

• Max Thermal Resistance of 0.5 deg/W 

• Min f T of 10 MHz at 10 V, 1 A 


* mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



ALL JEDEC T0-63 DIMENSIONS 
AND NOTES ARE APPLICABLE 


CASE TEMPERATURE MEA- 
SUREMENT POINT IS UN- 
DERSIDE OF FLAT SURFACE 
WITHIN 0.125" FROM STUD 



CD 

C 


z 

o 

a 

r 

in 


2 

00 


5 


^absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


2N3846 2N3847 

Collector-Base Voltage 300 V 400 V 

Col lector- Emitter Voltage (See Note 1) 200 V 300 V 

Emitter-Base Voltage < 10 V 

Continuous Collector Current 20 A ^ 

Continuous Base Current -< 10 A y 

Safe Operating Region at (or below) 100°C Case Temperature See Figure 7 

Continuous Device Dissipation at (or below) 1 00°C Case Temperature (See Note 2) . . -< 1 50 W y 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) . ^ 4 W y 

Operating Case Temperature Range -65°C to 175°C 

Storage Temperature Range -65°C to 200°C 

Terminal Temperature Kelnch from Case for 10 Seconds 260°C y 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. Derate linearly to 175°C case temperature at the rate of 2 W/deg. 

3. Derate linearly to 175°C free-air temperature at the rate of 26.6 mW/deg. 


♦Indicates JEDEC registered data 
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TYPES 2N3846, 2N3847 

N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N3846 

2N3847 

UNIT 

MIN 

MAX 

MIN 

MAX 

V(BR)CEO 

Collector-Emitter Breakdown Voltage 

lc = 200 mA, l B = 0, See Note 4 

200 

300 

V 

•CEO 

Collector Cutoff Current 

V ce = 200V, I b = 0 

5 


mA 

V C e = 300V / I b = 0 


5 



o 

II 

3 

> 

> 

o 

o 

CO 

II 

O 

> 

2 



Ices 

Collector Cutoff Current 

Vce = 400 V, Vk = 0 


2 

mA 

Vce = 300 V, V re = 0, T c = 150°C 

10 




Vce = 400 V, V(e = 0, T c = 150°C 


10 


Iebo 

Emitter Cutoff Current 

Veb = 10 V, l c = 0 

250 

250 

fiA 



Vce = 3V, l c = 5 A, See Notes 4 and 5 

40 

200 

40 

200 


Hfe 

Static Forward Current 

Vce ~ 3 V, l c = 10 A, See Notes 4 and 5 

10 

60 

10 

60 


Transfer Ratio 

Vce = 3V, l c = 10A,T c = -55°C, 

See Notes 4 and 5 

10 

10 


Vbe 

Base-Emitter Voltage 

Vc£ = 3 V, l c = 1 0 A, See Notes 4 and 5 

1.2 

1.2 

V 

VcE(sat) 

Collector-Emitter Saturation Voltage 

Is — 1-6 A, l c = 10 A, See Notes 4 and 5 

0.75 

0.75 

V 

h fe 

Small-Signal Common-Emitter 
Forward Current Transfer Ratio 

Vce = 10V / l c = 5A, f = 1 kHz 

50 

250 

50 

250 


w 

Small-Signal Common-Emitter 
Forward Current Transfer Ratio 

V CE = 10 V, l c = 1 A, f = 1MHz 

10 

10 


Cobo 

Common-Base Open-Circuit 

Output Capacitance 

V CB =10 V, l E = 0, f = 1 MHz 

750 

750 

PF 


NOTES: 4. These parameters must be measured using pulse techniques. f p = 300 /. is , duty cycle < 2%. 

5. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


thermal characteristics 


PARAMETER 

AAAX 

UNIT 

0j.c Junction-to-Case Thermal Resistance 

0.5 

deg/W 

0j. A Junction-to-Free-Air Thermal Resistance 

37.5 


^Indicates JEDEC registered data 
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TYPES 2N3846, 2N3847 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


^switching characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONS! 

MAX 

UNIT 

ton Turn-0n Time 

I c “ 10 A, l.(„ = 2 A, lap, = -2 A, 

Vatioff, =“ -7.5 V, Rl = 15 n. See Figure 1 

4 

/AS 

t of f Turn-Off Time 

7 


t Base-emitter voltage and collector current values shown are nominal; exact values vary slightly with transistor parameters. 


* PARAMETER MEASUREMENT INFORMATION 



4.90% 

/ T POINT 

°-/ iV 

=M0% |V 


ton- H 


t**»H 

10% j 


-\ 1 1 0% 1- 

V f OUTPUT 

90% T J 

VOLTAGE WAVEFORMS 


OUTPUT 


POINT "A" 


FIGURE 1 


NOTES: a. The waveform at point “A” has the following characteristics: t f < 100 ns, t f < 100 ns, t p = 20 /is, duty cycle < 0.2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 5 ns, R in > 1 MO, C in < 5 pF. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 

"‘Indicates JEDEC registered data 
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TYPES 2N3846, 2N3847 

N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 
vs 


COLLECTOR CURRENT 



FIGURE 2 


BASE-EMITTER VOLTAGE 



-75 -50 -25 0 25 50 75 100 125 150 


COLLECTOR-EMITTER SATURATION VOLTAGE 


vs 



-75 -50 -25 0 25 50 75 100 125 150 


T c — Case Temperature — °C 


T c -—Case Temperature — ®C 


FIGURE 3 


FIGURE 4 


NOTES: 4. These parameters must be measured using pulse techniques. t p = 300 /ts, duty cycle < 2%. 

5. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


S-120 


Texas Instruments 

INCORPORATED 


971 


POST OFFICE BOX 5012 


DALLAS, TEXAS 75222 




TYPES 2N3846, 2N3847 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 



Rgg — Base- Emitter Resistance — Q 


COMMON-BASE OPEN-CIRCUIT INPUT AND OUTPUT CAPACITANCE 
vs 



1 2 4 7 10 20 40 70 100 

Reverse Bias Voltage — V 


5 


FIGURE 5 FIGURE 6 

MAXIMUM SAFE OPERATING REGION 



1 2 4 7 10 20 40 70100 200 400 1000 


V CE — Collector-Emitter Voltage — V 

FIGURE 7 

NOTES: 4. This parameter must be measured using pulse techniques: t p = 300 fit, duty cycle < 2%. 
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TYPES 2N3846, 2N3847 

N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


5-122 


THERMAL INFORMATION 


U 

E 

3 

E 

8 

£ 


CASE TEMPERATURE 



75 100 125 150 175 


Tc — Case Temperature — °C 


FIGURE 8 

SYMBOL DEFINITION 


SYMBOL 

DEFINITION 

VALUE 

UNIT 

PT(av) 

Average Power Dissipation 


w 

Pl(max) 

Peak Power Dissipation 


w 

Oj-A 

Junction-to-Free-Air Thermal Resistance 

37.5 

deg/W 

0 j-c 

Junction-to-Case Thermal Resistance 

0.5 

deg/W 

0c-A 

Case-to-Free-Air Thermal Resistance 

37 

deg/W 

0 C-HS 

Case-to-Heat-Sink Thermal Resistance 


deg/W 

0HS-A 

Heat-Sink-to-Free-Air Thermal Resistance 


deg/W 

Ta 

Free-Air Temperature 


°C 

Tc 

Case Temperature 


°C 

Tj(av) 

Average Junction Temperature 

< 175 

°C 

Tj{max) 

Peak Junction Temperature 

< 175 

°C 

K 

Peak-Power Coefficient 

See Figure 9 


fp 

Pulse Width 


ms 

*x 

Pulse Period 


ms 

d 

Duty-Cycle Ratio (tp/t x ) 




PEAK-POWER COEFFICIENT CURVE 



t p — Pulse Width — ms 

FIGURE 9 


Equation No. 1 — Application: d-c power dissipation, 
heat sink used. 

_ Tj(av) - Ta for 100°C < Tc < 175°C 

Oj-c $c-hs -f* 0 hs-a as in Figure 8 

Equation No. 2 — Application: d-c power dissipation, 
no heat sink used. 


PT(av) 


Tj(»v) - Ta for 25°C < T A < 175°C 

eZ 


Equation No. 3 — Application: Peak power dissipation, 
heat sink used. 


PT(max) — 


Tj(max) Ta 

d (0C-HS H - #HS-a) + K Oj.C 


for 100°C < Tc < 175°C 


Equation No. 4 — Application: Peak power dissipation, 
no heat sink used. 


Pl(max) 


TjjmaxJ — Ta 

d 0c-a + K 8j.c 


for 25°C < Ta < 175°C 


Example — Find PT(nwxj (design limit) 

OPERATING CONDITIONS: 

0c-h$ + 0hs-a = 2.5 deg/W (From information supplied 
with heat sink.) 

Tj(av) (design limit) = 175°C 
Ta = 50°C 
d = 10% (0.1) 
tp = 0.1 ms 


Solution-. 

From Figure 9, Peak-Power Coefficient 

K = 0.105 and by use of equation No. 3 


PT(max) — 


Tj(max) — Ta 

d (0C-HS “f" 0HS-A) + K Oj.C 


PT(max) 


175-50 

0.1 (2.5) + 0.105(0.5) 


— 413 W 
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"mechanical data 


TYPE 2N3902 
N-P-N SILICON POWER TRANSISTOR 


HIGH VOLTAGE, HIGH FORWARD AND REVERSE ENERGY 
DESIGNED FOR INDUSTRIAL AND MILITARY APPLICATIONS 

• 100 W at 75° C Case Temperature 

• 400 V Collector-Emitter Off -State Voltage 

• Min V(BR)CEO of 325 V 

• Max t 0 ff of 1 .7 jus at lc = 1 A 

• Typ VcE(sat) of 0.25 V at lc = 2.5 A 

• Typ fj of 5 MHz at 10 V, 0.2 A 


ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



5 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


* Collector-Emitter Voltage (See Note 1) 400 V 

* Emitter-Base Voltage 5 V 

* Continuous Collector Current 2.5 A 

^Continuous Base Current 1 A 

Safe Operating Area at (or below) 75°C Case Temperature See Figure 6 

* Continuous Device Dissipation at (or below) 75°C Case Temperature (See Note 2) 100 W 

Continuous Device Dissipation at (or below 25°C Free-Air Temperature (See Note 3) 4 W 

Unclamped Inductive Load Energy (See Note 4) 180 mJ 

^Operating Collector Junction Temperature Range — 65° C to 150°C 

* Storage Temperature Range — 65°Cto200°C 

*Terminal Temperature 1/16 Inch from Case for 10 Seconds 300°C 


NOTES: 


1. This value applies only when the collector-emitter voltage is applied with the transistor in the off-state and the base-emitter diode 
is open-circuited or reverse-biased. In operation, the limitations of Figure 7 must be observed. 

2. Derate linearly to 150°C case temperature at the rate of 1.33 W/°C. 

3. Derate linearly to 1 50 6 C free-air temperature at the rate of 32 mW/° C. 

4. This rating is based on the capability of the transistor to operate safely in the circuit of Figure 2. L = 40 mH, RbB 2 = 3 kfl, 
V BB2 = 1.5 V, R s « 0.1 ft, V cc = 50 V. Energy « I c 2l/2. 


* JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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TYPE 2N3902 

N-P-N SILICON POWER TRANSISTOR 


^electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

v (BR)CEO 

Collector-Emitter Breakdown Voltage 

l C = 100 mA, 

•b = 0/ 

See Note 5 

325 

V 

'CEO 

Collector Cutoff Current 

V CE = 400 V, 

'B = 0 


0.25 

mA 

'CEV 

Collector Cutoff Current 

V CE = 400 V, 

V BE = — 1.5 V 


0.25 

mA 

V CE = 400 V, 

V BE = -1.5 V, T C = 125°C 

0.5 

mA 

'ebo 

Emitter Cutoff Current 

V EB = 5 V, 

ic = o 


5 

mA 

h F E 

Static Forward Current Transfer Ratio 

V C E = 5V, 

IC= 1 A, 

See Notes 5 and 6 

30 


90 


V CE = 5V, 

IC - 2.5 A, 

See Notes 5 and 6 

10 


V BE 

Base- Emitter Voltage 

l B = 0.5 A, 

IC = 2.5 A, 

See Notes 5 and 6 


1 

2 

V 

v CE(sat) 

Collector-Emitter Saturation Voltage 

'B = 0.1 A, 

< 

n 

o 

See Notes 5 and 6 


0.2 

0.8 

v 

l B = 0.5 A, 

l C = 2.5A, 

See Notes 5 and 6 


0.25 

2.5 


Nel 

Small-Signal Common-Emitter Forward 

Current Transfer Ratio 

V C E = 10 V, 

Ic = 0.2 A, 

f = 1 MHz 

5 


fhfe 

Small-Signal Common-Emitter Forward 

Current Transfer Ratio Cutoff Frequency 

V CE =12V, 

IC= 0.2 A, 

See Note 7 

40 

kHz 



NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 
0.125 inch from the device body. 

7. fftfe is the frequency at which the magnitude of the small-signal forward current transfer ratio is 0.707 of its low-frequency value. 
For this device, the reference measurement is made at 1 kHz. 


thermal characteristics 


PARAMETER 

MAX 

UNIT 

R#jC Junction-to-Case Thermal Resistance 

0.75 

°c/w 

R#jA Junction-to-Free-Air Thermal Resistance 

31.25 


*sw itching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* 

MAX 

UNIT 

t r Rise Time 

IC = 1A, lB(1 ) =0.1 A, 1 B (2) = -0.1 A, 

VsE(off) = V, R[_= 125 £2, See Figure 1 

0.8 

MS 

t s Storage Time 

0.9 

tf Fall Time 

0.8 


^Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


* JEDEC registered data 
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TYPE 2N3902 
N-P-N SILICON POWER TRANSISTOR 


PARAMETER MEASUREMENT INFORMATION 


OUTPUT 



5 V 



TEST CIRCUIT 


VOLTAGE WAVEFORMS 


NOTES: A. The input waveform is supplied by a generator with the following characteristics: t r < 20 ns, tf < 20 ns, Z out = 50 f2, t w = 5 jus, 
duty cycle < 5%. 

B. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 20 ns, Rj n >100 kfi, Cj n < 50 pF. 

C. Resistors must be noninductive types. 

D. The d-c power supply may require additional bypassing in order to minimize ringing. 



FIGURE 1 

INDUCTIVE LOAD SWITCHING 



TEST CIRCUIT 


VOLTAGE AND CURRENT WAVEFORMS 


NOTES: A. LI is a 40-mH inductor. 

B. Input pulse width is increased until Iqm = 3 A. 


FIGURE 2 
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TYPE 2N3902 

N-P-N SILICON POWER TRANSISTOR 


STATIC FORWARD CURRENT 
TRANSFER RATIO 
vs 



0.04 0.07 0.1 0.2 0.4 0.7 1 2 4 


I Q— Collector Current— A 


TYPICAL CHARACTERISTICS 


BASE-EMITTER VOLTAGE 
vs 



-75 -50 -25 0 25 50 75 100 125 150 176 

T0— Cese Temperature— °C 


} 


1 

8 

> 


COLLECTOR-EMITTER 
SATURATION VOLTAGE 
vs 



-75 -50 -25 0 25 50 75 100 125 150 175 


T c— Case T emperature— 0 C 


FIGURE 3 


FIGURE 4 


FIGURE 5 


NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 /is, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 
0.125 inch from the device body. 
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TYPES 2N3996, 2N3997, 2N3998, 2N3999 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


FOR HIGH-SPEED POWER SWITCHING APPLICATIONS 

• 30 W at 100°C Case Temperature 

• Isolated-Stud Package (2N3996, 2N3997) 

• Max VcE(sat) of 0.25 V at 1 A l c 

• Max t on °f 300 ns at 1 A lc 

• Min f T of 40 MHz 

mechanical data 



w m co 

Sgs 

CO ^ w 
m 2 co 

m w © 

vl co 

_i Nj 
00 ' 

S tsJ ts) 
^ U1 Z 

^ w 
2 8 

3 M 
Q 2 

X CO 
8 8 
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* absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Collector-Base Voltage 100 V 

Collector-Emitter Voltage (See Note 1) 80 V 

Emitter-Base Voltage 8 V 

Continuous Collector Current 5 A 

Peak Collector Current (See Note 2) 10 A 

Continuous Base Current 1 A 

Safe Operating Region at (or below) 100°C Case Temperature See Figure 8 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) 30 W 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 2 W 

Operating Collector Junction Temperature Range -65° C to 200°C 

Storage Temperature Range -65°C to 200°C 

Lead Temperature % Inch from Case for 10 Seconds 230°C 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t p < 1 ms, duty cycle < 50%. 

3. Derate linearly to 200°C case temperature at the rate of 0.3 W/deg. 

4. Derate linearly to 200°C free-air temperature at the rate of 11.4 niW/deg. 

"‘Indicates JEDEC registered data. 
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TYPES 2N3996, 2N3997, 2N3998, 2N3999 

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


5 


5-128 


* electrical characteristics at 25 °C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N3996 

2N3998 

2N3997 

2N3999 

UNIT 

MIN MAX 

MIN MAX 

v Collector-Emitter 

V(BR,CEO Breakdown voltage 

l c — 50 mA, l B = 0, See Note 5 

80 

80 

V 

. Collector Cutoff 

,CE0 Current 

V C e = 60 V, i B = 0 

10 

10 

/jA 

. Collector Cutoff 

,CES Current 

V C e = 90 V, V be = 0 

5 

5 

[X A 

V C£ = 90 V, V BE = 0, T c = 150°C 

50 

50 

. Emitter Cutoff 

lEB0 Current 

Veb = 5 V, lc = 0 

0.5 

0.5 

JJL A 

Veb = 8 V, lc = 0 

10 

10 

Static Forward 
h F E Current Transfer 

Ratio 

Vce = 2 V, lc = 50 mA 

30 

60 


Vce = 2 V, lc = 1 A, See Note 5 

40 120 

80 240 

Vce = 5 V, l c = 5 A, See Note 5 

15 

20 

Vce = 2 V, l c = 1 A, T c = -55°C, See Note 5 

10 

20 

v Base-Emitter 

Vbe Voltage 

l B = TOO mA, lc = 1 A, See Note 5 

0.6 1.2 

0.6 1.2 

V 

l B = 500 mA, lc = 5 A, See Note 5 

1.6 

1.6 

v Collector-Emitter 

CE lsat) Saturation Voltage 

l B = 100 mA, l c = 1 A, See Note 5 

0.25 

lO 

CM 

O 

V 

l B = 500 mA, l c = 5 A See Note 5 

2 

2 

Small-Signal 

i. | Common-Emitter 

' fe ' Forward Current 

Transfer Ratio 

Vce = 5V, l c = 1 A,f = 10 MHz 

4 

4 


Common-Base 

C 0 bo Open-Circuit 

Output Capacitance 

V CB = 10 V, l E = 0, f = 1 MHz 

150 

150 

PF 


NOTE 5: This parameter must be measured using pulse techniques:, tp = 300 /is, duty cycle < 2%. 


* thermal characteristics 


PARAMETER 

MAX 

UNIT 

8j.c Junction-to-Case Thermal Resistance 

3.33 

deg/W 

8j. a Junction-to-Free-Air Thermal Resistance 

87.5 

deg/W 


* switching characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONS! 

2N3996 

2N3998 

2N3997 

2N3999 

UNIT 

MAX 

MAX 

ton Turn-On Time 

lc ~ 1 R/ 1 b(i } = 100 mA, 1 b[ 2 ) ~ -~100 mA, 

VBE(off) = -3.7 V, R l = 20 ft, See Figure 1 

0.3 

0.3 

MS 

t off Turn-Off Time 

1.5 

2 


fVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
’"Indicates JEDEC registered data. 
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TYPES 2N3996, 2N3997, 2N3998, 2N3999 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


* PARAMETER MEASUREMENT INFORMATION 




TEST CIRCUIT 


FIGURE 1 


VOLTAGE WAVEFORMS 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t r < 15 ns, t f < 15 ns, = 50 Q, t p = 2 /zs, 
duty cycle < 2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, R jn > 10 Mfi, C in < 11.5 pF. 

c. Resistors must be non inductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 


5 


TYPICAL CHARACTERISTICS 


2N3996 , 2N3998 

STATIC FORWARD CURRENT TRANSFER RATIO 



l c — Collector Current — A 


2N3997, 2N3999 

STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



q I I I 1—1 1 1. U I I I 1—1 — t 1,1 ..LI 1 1 L_| 

0.01 0.02 0.04 0.1 0.2 0.4 0.7 1 2 5 


l c — Collector Current — A 

FIGURE 3 


FIGURE 2 

NOTE 5: This parameter must be measured using pulse techniques: t p = 300 fis, duty cycle < 2%. 
“Indicates JEDEC registered data. 


971 


Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 . DALLAS. TEXAS 75222 


5-129 





TYPES 2N3996, 2N3997, 2N3998, 2N3999 

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


5 


BASE-EMITTER VOLTAGE 


vs 



-75 -25 25 75 125 175 

Tc — Case Temperature — °C 


COLLECTOR-EMITTER SATURATION VOLTAGE 


vs 



Tc — Case Temperature — °C 


FIGURE 4 


FIGURE 5 


NORMALIZED COLLECTOR-EMITTER BREAKDOWN VOLTAGE 



R^e — Base-Emitter Resistance — Q 


FIGURE 6 


COMMON-BASE OPEN-CIRCUIT 
INPUT AND OUTPUT CAPACITANCE 


vs 



Reverse Bias Voltage — V 

FIGURE 7 


NOTE 5: This parameter must be measured using pulse techniques: t p = 300 /cs, duty cycle < 2%. 
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TYPES 2N3996, 2N3997, 2N3998, 2N3999 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING REGION 


2N3996-2N3999 



1 2 4 7 10 20 40 70 100 

V CE — Collector-Emitter Voltage — V 


FIGURE 8 
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TYPES 2N3996, 2N3997, 2N3998, 2N3999 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 



T c — Case Temperature — ®C 


0.1 0.2 0.4 1 2 4 7 10 20 40 

t p — Pulse Width — ms 

FIGURE 10 


SYMBOL DEFINITION 
MBOL DEFINITION 

(avg) Average Power Dissipation 

(max) Peal( Power dissipation 

l_ A Junction-to-Free-Air Thermal Resistance 

Junction-to-Case Thermal Resistance 
». A Case-to-Free-Air Thermal Resistance 

; . HS Case-to-Heat-Sink Thermal Resistance 

HS- A Heat-Sink-to-Free-Air Thermal Resistance 
Free-Air Temperature 
Case Temperature 

avg j Average Junction Temperature 

max j Peak Junction Temperature 

Peak-Power Coefficient 


Equation No. 1 — Application: d-c power dissipation, 


T J(..g) ~ T a *" 100°C < T c < !00°C 

$J-C $C-HS ^H$-A ^ 


Equation No. 2 — Application: d-c power dissipation, 
no heat sink used. 

f T(*v 9 | = Tj|,, ’ l ~ T * < T A < MU"'- 

0J-A 


Equation No. 3 — Application: Peak power dissipation, 
heat sink used. 


* for 100°C < T c < 200° C 

d (0C-HS + ^HS-a) + « Oj.c ~ C ~ 


Equation No. 4 — Application: Peak power dissipation, 


[Duty Cycle Ratio (tp/t x ) 


for 25°C < T a < 200° C 

^C-A + ^J-C 


Example — Find P T ( max j (design limit) 

OPERATING CONDITIONS: 

0C-HS 0HS-A == ^ deg/W (From information supplied 
with heat sink.) 

T J(avg) ( d « 5 i 9" = 200°C 

T A = 50 ° c 

d = 10% (0.1) 

t_ = 0.1 ms 


From Figure 10, Peak-Power Coefficient 

K = 0.103 and by use of equation No. 3 


d (0C-HS + 0HS-A) + * 0J-C 


P , , = = 143 W 

T(maxj „ j (7) + ( 0 .103) 3 33 
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TYPES 2N4000, 2N4001 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


FOR HIGH-SPEED POWER SWITCHING APPLICATIONS 

• 15 W at 100°C Case Temperature 

• Max V CE(sat) of 0.3 V at 0.5 A l c 

• Max t on of 300 ns at 0.5 A l c 

• Min f T of 40 MHz 


* mechanical data 



* absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) , 

Continuous Base Current 

Safe Operating Region at (or below) 100°C Case Temperature 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) . 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) . 

Operating Collector Junction Temperature Range 

Storage Temperature Range 

Lead Temperature %6 Inch from Case for 1 0 Seconds 


2N4000 2N4001 
100 V 120 V 
80 V 100 V 
< — 8 V — ► 

< — 1 A — ► 

3 A — > 
*—0.5 A— > 
See Figure 8 
15 W— * 
<— 1 W-> 

— 65°C to 200 °C 
— 65°C to 200°C 
4 — 230°C — »► 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t p < 1 ms, duty cycle < 50%. 

3. Derate linearly to 200°C case temperature at the rate of 0.15 W/°C. 

4. Derate linearly to 200°C free-air temperature at the rate of 5.72 mW/°c. 
* JEDEC registered data 
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TYPES 2N4000, 2N4001 

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


* electrical characteristics at 25 °C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N4000 

2N4001 

UNIT 

MIN MAX 

MIN MAX 

Collector-Emitter 

V(br)ceo Breakdown Voltage 

l c = 30 mA, l B = 0 # See Note 5 

80 

100 

V 

Iceo Collector Cutoff Current 

Vet = 60 V, 1, = 0 

10 


fJL A 

Vce = 80 V, l B = 0 


10 

Ices Collector Cutoff Current 

Vce = 90 V, V be -0 

2 


A 

V ce = HO V, V re = 0 


2 

V CE = 90 V, V re = 0, T c = 150°C 

50 


V CE = 110 V, V re = 0, T 0 = 150°C 


50 

l EBO Emitter Cutoff Current 

5 s 

ii 

in 

n“ 

II 

o 

500 

500 

nA 

VeB = 8 V, lc = 0 

10 

10 

M A 

Static Forward Current 
hpE Transfer Ratio 

Vce = 2 V, l c = 50 mA 

10 

20 


Vce = 2 V, j c = 0.5 A, See Note 5 

30 120 

40 120 

Vce = 5 V, l c = 1 A, See Note 5 

10 

20 

Vce = 2 V, l c = 0.5 A, T c = -55°C, 

See Note 5 

10 

15 

Vbe Base-Emitter Voltage 

l B = 50 mA, lc = 0.5 A, See Note 5 

1 

1 

V 

l B = 100 mA, l c = 1 A, See Note 5 

1.2 

1.2 

v Collector-Emitter 

Voe(sa+) Saturation Voltage 

l B = 50 mA, l c = 0.5 A, See Note 5 

0.3 

0.3 

V 

l B = 100 mA, lc — 1 A, See Note 5 

0.5 

0.5 

Small-Signal 

i. | Common-Emitter 

1 fe ' Forward Current 

Transfer Ratio 

Vce = 5 V, »c = 0.5 A, f = 20 MHz 

2 

2 

j 


Common-Base 

C obo Open-Circuit 

Output Capacitance 

V C b = 10V, l E = 0, f = 1 MHz 

60 

60 

pF 


NOTE 5: These parameters must be measured using pulse techniques. t p = 300 (is, duty cycle < 2%. 


* thermal characteristics 


PARAMETER 

MAX 

UNIT 

0j. c Junction-to-Case Thermal Resistance 

6.67 

deg/W 

0j. A Junction-to-Free-Air Thermal Resistance 

175 


^switching characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONS'! 

MAX 

UNIT 

ton 

Turn-0n Time 

lc :=: 0.5 A, 1 b(i ) = 50 mA, 1 b( 2 ) =: —50 mA, 

0.3 

A« 

toff 

Turn-Off Time 

VBE(off) — -4 V, R l = 20 ft. See Figure 1 

2 


fVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


*JEDEC registered data 
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TYPES 2N4000, 2N400T 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 



5 



VOLTAGE WAVEFORMS 


FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t f < 10 ns, t f < 10 ns, = 50 ft, t p = 10 /is, 
duty cycle < 2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, R jn > 10 Mft, C jn < 5 pF. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 
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TYPES 2N4000, 2N4001 

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


2N4000 

STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



0.01 0.0 2 0.04 0.1 0.2 0.4 0.7 1 2 

lc — Collector Current — A 

FIGURE 2 


BASE-EMITTER VOLTAGE 


vs 



-75 -50 -25 0 25 5 0 75 1 00 125 150 

Tc — Case Temperature — °C 

FIGURE 4 

NOTE 5: These parameters must be measured using pulse techniques. t p = 300 


2N4001 

STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



0.01 0.02 0.04 0.1 0.2 0.4 0.7 1 2 

l c — Collector Current — A 

FIGURE 3 


COLLECTOR-EMITTER SATURATION VOLTAGE 


vs 



-75 -50 -25 0 25 50 75 100 125 150 

Tq — Case Temperature — °C 

FIGURE 5 


!, duty cycle < 2%. 
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TYPES 2N4000, 2N4001 

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 
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THERMAL INFORMATION 



T c — Case Temperature — °C 


FIGURE 9 



0.04 0.1 0.2 0.4 1 2 4 7 10 20 40 

t p — Pulse Width — ms 

FIGURE 10 


SYMBOL DEFINITION 


SYMBOL 

DEFINITION 

VALUE 

UNIT 

P T(avg) 

Average Power Dissipation 


W 

P T(max) 

Peak Power Dissipation 


w 

0J-A 

Junction-to-Free-Air Thermal Resistance 

175 

deg/W 

0J-C 

Junction-to-Case Thermal Resistance 

6.67 

deg/W 

$C-A 

Case-to-Free-Air Thermal Resistance 

168.33 

deg/W 

$C-HS 

Case-to-Heat'Sink Thermal Resistance 


deg/W 

$HS-A 

Heat-Sink-to-Free-Air Thermal Resistance 


deg/W 

t a 

Free-Air Temperature 


°C 

T C 

Case Temperature 


°c 

T J(avg) 

Average Junction Temperature 

< 200 

°c 

T J(max) 

Peak Junction Temperature 

< 200 

°c 

K 

Peak-Power Coefficient 

See Figure 10 


f P 

Pulse Width 


ms 

*x 

Pulse Period 


ms 

d 

Duty Cycle Ratio (t p /t x ) 




Equation No. 1 — Application: d-c power dissipation, 
heat sink used. 

P - T J(avg) ~ t A for 100°C < T c < 200°C 

T,aV9) 0j.c + 0C-HS + 0HS-A as in Fi 9 ure 9 

Equation No. 2 — Application: d-c power dissipation, 
no heat sink used. 

D _ T J(avg) - T A for 25°C < T A < 200°C 

P T(avg} 2 

C'J-A 

Equation No. 3 — Application: Peak power dissipation, 
heat sink used. 


r T(max) • 


'J(max) ~ 


d (^C-HS + 0HS-A) + K #J-C 


for 100°C < T c < 200° C 


Equation No. 4 — Application: Peak power dissipation, 
no heat sink used. 


P T , . = T Jlmax| ~ T A , 25 . ( < T. < 200°C. 

T|m “> <I0 C . A + *6j. c A_ 


Example — Find P T { max j (design limit) 

OPERATING CONDITIONS: 

$C-HS $HS-A = 7 de a/W (From information supplied 
with heat sink.) 

T J(avg) ( desi 9" limit ) = 20°°^ 

T A = 50 ° C 
d = 10% (0.1) 
t p = 1 ms 


Solution: 

From Figure 10, Peak-Power Coefficient 
K = 0.19 and by use of equation No. 3 


p _ *J(max) ““ *A 

T(maXl d (0C-HS + #HS-a) + K $J-C 
200 - 50 

P T(ma . = = 76 W 

Umax) (7) + 1?) {U7) 
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TYPES 2N4002, 2N4003 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED -SWITCHING APPLICATIONS 


• 30-A Rated Continuous Collector Current 

• 100 Watts at 100°C Case Temperature 

• Maximum V cE(sat) of 1.2 V at 30 A 

• Maximum Vbe of 1.8 V at 30 A 

• Maximum t on of 1 ^s at 15 A 



5 

> 

-< 


•o 

o* 

O' 


* mechanical data 




"absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

2N4002 2N4003 

Collector-Base Voltage 100 V 120 V 

Collector-Emitter Voltage (See Note 1) 80 V 100 V 

Emitter-Base Voltage A 8 V 

Continuous Collector Current 30 A >- 

Peak Collector Current (See Note 2) 40 A >■ 

Continuous Base Current -< 10 A y 

Continuous Emitter Current 30 A y 

Safe Operating Region at (or below) 100°C Case Temperature See Figure 7 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) . 100 W y 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) . ^ — 4 W y 

Operating Collector Junction Temperature Range -65°C to 200°C 

Storage Temperature Range -65° C to 200°C 

Terminal Temperature % Inch from Case for 10 Seconds -< 230°C y 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t p < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 1 W/deg. 

4. Derate linearly to 200°C free-air temperature at the rate of 22.9 mW/deg. 


"‘Indicates JEDEC registered data. 
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TYPES 2N4002, 2N4003 

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


* electrical characteristics at 25 °C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N4002 

2N4003 

UNIT 

MIN MAX 

MIN MAX 

V(br)ceo Collector-Emitter Breakdown Voltage 

l c = 30 mA, l B = 0 , See Note 5 

80 

100 

V 

Iceo Collector Cutoff Current 

Vce = 40 V, l B = 0 

2 


mA 

Vce = 50 V # l B = 0 


2 

Ices Collector Cutoff Current 

Vce = 90 V, Vbe = 0 

1 


mA 

Vce= 110 V, Vbe = 0 


1 

Vce = W V, V* = 0, T c = 150°C 

2 


Vce = 110 V, V re = 0, T c = 150°C 


2 

Iebo Emitter Cutoff Current 

V EB = 5 V, lc = o 

100 

100 

fiK 

Veb = 8 V, lc = 0 

50 

50 

mA 

Static Forward Current 
re Transfer Ratio 

Vce = 4 V, l c = 30 A, See Notes 5 and 6 

10 

10 


Vce = 4 V, lc = 15 A, See Notes 5 and 6 

20 80 

20 80 

Vbe Base-Emitter Voltage 

Vce = 4 V, l c = 30 A, See Notes 5 and 6 

1.8 

1.8 

V 

VcE{*at) Collector-Emitter Saturation Voltage 

Is = 4 A, lc ■= 30 A, See Notes 5 and 6 

1.2 

1.2 

V 

Small-Signal Common-Emitter 
hf * Forward Current Transfer Ratio 

Vce = 4 V, l c = 1 A, f = 1 kHz 

30 

30 


• 1 Small-Signal Common-Emitter 

l" fa l Forward Current Transfer Ratio 

Vce = 10 V, lc = 1 A, f = 10 MHz 

3 

3 



NOTES: 5. These parameters most be measured using pulse techniques. t p = 300 fis, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


* thermal characteristics 


PARAMETER 

MAX 

UNIT 

0j. c Junction-to-Case Thermal Resistance 

1 

deg/W 

Oj.a Junction-to-Free-Air Thermal Resistance 

43.7 

deg/W 


'"indicates JEDEC registered data. 
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TYPES 2N4002, 2N4003 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


* switching characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONS! 

MAX 

UNIT 

ton Turn-On Time 

I C = 15A, 1 bo , = 1.5 A, Ib{2) — —1.5 A, 

Vbe (off) — —2 V, Rl = 3 fl, See Figure 1 

1 

/IS 

t of f Turn-Off Time 

3 


tVollage and current values shown are nominal; exact values vary slightly with transistor parameters. 


* PARAMETER MEASUREMENT INFORMATION 



OUTPUT 


POINT "A" 


FIGURE 1 

NOTES: a. The input waveform at point "A" has the following characteristics: t r < 100 ns, t f < 100 ns, t p = 20 /is, duty cycle < 0.2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics-. t r < 5 > 1 *n, C in < 5 pF. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 


^Indicates JEDEC registered data. 


971 


Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 


5 - 



TYPES 2N4002, 2N4003 

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 



STATIC FORWARD CURRENT TRANSFER RATIO 
vs 



0.2 0.4 0.7 1 2 4 7 10 20 40 

l c — Collector Current — A 


FIGURE 2 


BASE-EMITTER VOLTAGE 


vs 



0 i I I I I I I I I I 

-75 -50 -25 0 25 5 0 75 100 125 150 


COLLECTOR-EMITTER SATURATION VOLTAGE 


vs 



-75 -50 -25 0 25 50 75 100 125 150 


T(- — Case Temperature — °C 

FIGURE 3 


T^ — Case Temperature — °C 

FIGURE 4 


NOTES: 5. These parameters must be measured using pulse techniques. t p = 300 fis, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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TYPES 2N4002, 2N4003 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


NORMALIZED COLLECTOR-EMITTER 
BREAKDOWN VOLTAGE 



COMMON-BASE OPEN-CIRCUIT INPUT 
AND OUTPUT CAPACITANCE 


REVERSE BIAS VOLTAGE 



■ Base-Emitter Resistance — Q 


4 7 10 20 40 70 100 

Reverse Bias Voltage — V 


FIGURE 5 

; 5; These parameters must be measured using pulse techniques, t 


FIGURE 6 


300 /xs, duty cycle < 2%. 


MAXIMUM SAFE OPERATING REGION 



V CE — Collector-Emitter Voltage — V 


FIGURE 7 
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TYPES 2N4002, 2N4003 

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


144 


THERMAL INFORMATION 



FIGURE 8 



SYMBOL DEFINITION 


SYMBOL 

DEFINITION 

VALUE 

UNIT 

P T(avg) 

Average Power Dissipation 


W 

P T(max] 

Peak Power Dissipation 


W 

0J-A 

Junction-to-Free-Air Thermal Resistance 

43.7 

deg/W 

0J-C 

Junction-to-Case Thermal Resistance 

1 

deg/W 

#C-A 

Case-to-Free-Air Thermal Resistance 

42.7 

deg/W 

$C-HS 

Case-to-Heat-Sink Thermal Resistance 


deg/W 

0HS-A 

Heat-Sink-to-Free-Air Thermal Resistance 


deg/W 

t a 

Free-Air Temperature 


°C 

T C 

Case Temperature 


°C 

T J(avg) 

Average Junction Temperature 

< 200 

°C 

T J(max) 

Peak Junction Temperature 

< 200 

°C 

K 

Peak-Power Coefficient 

See Figure 9 


»P 

Pulse Width 


ms 

'* 

Pulse Period 


ms 

d 

Duty-Cycle Ratio (t p /t x ) 




Equation No. 1 — Application: d-c power dissipation, 
heat sink used. 

p _ T J(avq) ~ T A for 100°C < T c < 200°C, 

T(aV9> 0j-c + 0C-HS + 0HS-A as in Fi 9 ure 8 

Equation No. 2 — Application: d-c power dissipation, 
no heat sink used. 

■Vgl = Tj| 7’~ T * hr 25°C < T A < 2O0°C 
”j-A 


Equation No. 3 — Application: Peak power dissipation, 
heat sink used. 


,T|m “ l H0C.HS + #HS-a) + ft 0j. c 


1 J(max) 


-t a 


-for 100°C < T c < 200°C 


Equation No. 4 — Application: Peak power dissipation, 
no heat sink used. 

■Wl = «° c ^ t a ^ 200<,£ 


1 Sc-A + « 0JC 


Example — Find P^max) (design limit) 

OPERATING CONDITIONS: 

$C-H$ #HS-A = 2.5 deg/W (From information supplied 
with heat sink.) 

T J(avg) ( 8es '9 n ”*"») = 200°C 

T a = 50°C 
d = 10% (0.1) 
tp = 0.1 ms 


Solution: 

From Figure 9, Peak-Power Coefficient 
K = 0.1 and by use of equation No. 3 

p T J(max) ~ T A 

T (max) d (f? C HS + 0 HS . A ) + X f?j. c 

^ = 42,W 

'l 1 "" 1 0.1|2.S) + 0.1(1) 
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TYPES 2N4004, 2N4005 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 

• 20 A Rated Collector Current 

• 40 Watts at 100°C Case Temperature 

• Maximum V CE(saf) of 1 V at 20 A 

• Maximum V BE of 1.6 V at 20 A 

• Maximum t on of 1 /as at 10 A 


* mechanical data 



5 


* absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) . . . 

Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) 

Continuous Base Current 

Continuous Emitter Current - 

Safe Operating Region at (or below) 100°C Case Temperature 

Continuous Device Dissipation at (or below) 100°C 

Case Temperature (See Note 3) 

Continuous Device Dissipation at (or below) 25°C 

Free-Air Temperature (See Note 4) 

Operating Collector Junction Temperature Range 

Storage Temperature Range 

Lead Temperature Xe Lnch from Case for 10 Seconds 


2N4004 2N4005 

100 V 120 V 

80 V 100 V 

^ 8 V >- 

< 20 A >■ 

< 30 A >■ 

•< 10 A >■ 

-< 20 A >• 

See Figure 7 

■< 40 W >■ 


1.2 W- 


-65°C to 200°C 
-65°C to 200°C 
-< 230°C — >- 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t p < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 0.4 W/deg. 

4. Derate linearly to 200°C free-air temperature at the rate of 6.87 mW/deg. 

♦Indicates JEDEC registered data. 
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TYPES 2N4004, 2N4005 

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


* electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N4004 

2N4005 

UNIT 

MIN MAX 

MIN MAX 

V(brjceo Collector-Emitter Breakdown Voltage 

l c — 30 mA, l B = 0/ See Note 5 

80 

100 

V 

Iceo Collector Cutoff Current 

Vce = 40V, l B = 0 

2 


mA 

Vce = 50 V, l B = 0 


2 

Ices Collector Cutoff Current 

V C e = 90V, V be = 0 

1 


mA 

V CE = 110 V, V BE = 0 


1 

V CE = 90 V, Vbe = 0, T c = 150°C 

2 


V CE = 110 V, Vbe = 0, T c = 150°C 


2~ 

Iebo Emitter Cutoff Current 

Veb = 5 V, lc = 0 

100 

100 

lik 

Veb = 8 V, lc = 0 

50 

50 

mA 

. Static Forward Current 

FE Transfer Ratio 

Vce = 4 V, I c = 20 A, See Notes 5 and 6 

15 

15 


V CE = 4 V, l c = 10 A, See Notes 5 and 6 

30 150 

30 150 

Vbe Base-Emitter Voltage 

Vce = 4 V, l c = 20 A, See Notes 5 and 6 

1.6 

1.6 

V 

VcE(sat) Collector-Emitter Saturation Voltage 

l B = 3 A, l c = 20 A, See Notes 5 and 6 

1 

1 

V 

. Small-Signal Common-Emitter 

fe Forward Current Transfer Ratio 

~t CE = 4 V, lc = 1 A, f = 1 kHz 

30 

30 


|. | Small-Signal Common-Emitter 

' fe ' Forward Current Transfer Ratio 

V CE = 10V, l c = 1 A, f = 10 MHz 

3 

3 



NOTES: 5. These parameters must be measured using pulse techniques. t p = 300 /ts, duty cycle < 2%. 

6 . These parameters are measured with voltage-sensing contacts. The voltage-sensing contacts are separate from current-carrying contacts. 


* thermal characteristics 


PARAMETER 

MAX 

UNIT 

dj.c Junction-to-Case Thermal Resistance 

2.5 

deg/W 

0j. A Junction-to-Free-Air Thermal Resistance 

146 

deg/W 


’"Indicates JEDEC registered data. 
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TYPES 2N4004, 2N4005 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


* switching characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONSf 

MAX 

UNIT 

^ Turn-0n Time 

! c = 10 A, l B|1 ) = 0.8 A, 1,1] = -0.8 A, 

V be (off) = -1 V, Rl = 3 Cl, See Figure 1 

1 

fis 

t off Turn-Off Time 

4 


fVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


* PARAMETER MEASUREMENT INFORMATION 



OUTPUT 


POINT "A" 


FIGURE 1 



NOTES: a. The input waveform at point “A" has the following characteristics: t r < 100 ns, tf < 100 ns, t p = 20 /cs, duty cycle < 0.2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: t f < 5 ns, R in > 1 MO, C jn < 5 pF. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 

♦Indicates JEDEC registered data. 
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TYPES 2N4004, 2N4005 

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 



STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



0.2 0.4 0.7 1 2 4 7 10 20 

lc ~ Collector Current — A 
FIGURE 2 


BASE-EMITTER VOLTAGE 


vs 



-75 -50 -25 0 25 50 75 100 125 150 

T c — Case Temperature — °C 

FIGURE 3 


COLLECTOR -EMITTER SATURATION VOLTAGE 


vs 



-75 -50 -25 0 25 50 75 100 125 150 


T c — Case Temperature — *C 

FIGURE 4 
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TYPES 2N4004, 2N4005 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


NORMALIZED COLLECTOR-EMITTER 
BREAKDOWN VOLTAGE 


vs 



R be — Base-Emitter Resistance — Q 

FIGURE 5 


COMMON-BASE OPEN-CIRCUIT INPUT 


AND OUTPUT CAPACITANCE 



1 2 4 7 10 20 40 70 100 

Reverse Bias Voltage — V 

FIGURE 6 


5 


NOTE 5: These parameters must be measured using pulse techniques. t p = 300 /us, duty cycle < 2%. 


MAXIMUM SAFE OPERATING REGION 



V CE — Collector-Emitter Voltage — V 

FIGURE 7 
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TYPES 2N4004, 2N4005 

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 



5-150 


THERMAL INFORMATION 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



T c — Case Temperature — *C 

FIGURE 8 

SYMBOL DEFINITION 


SYMBOL 

DEFINITION 

VALUE 

UNIT 

P T(avg) 

Average Power Dissipation 


W 

P T(max) 

Peak Power Dissipation 


w 

0J-A 

Junction-to-Free-Air Thermal Resistance 

146 

deg/W 

0J-C 

Junction-to-Case Thermal Resistance 

2.5 

deg/W 

#C-A 

Case-to-Free-Air Thermal Resistance 

143.5 

deg/W 

0 

1 

Case-to-Heat-Sink Thermal Resistance 


deg/W 

0HS-A 

Heat-Sink-fo-Free-Air Thermal Resistance 


deg/W 

t a 

Free-Air Temperature 


°C 

T C 

Case Temperature 


°C 

T J(avg) 

Average Junction Temperature 

< 200 

°C 

Tj(max) 

Peak Junction Temperature 

< 200 

°c 

K 

Peak-Power Coefficient 

See Figure 9 


*P 

Pulse Width 

. 


ms 

»x 

1 

Pulse Period 


ms 

d 

Duty Cycle Ratio (t p /t x ) 




Example — Find P T ( max j (design limit) 

OPERATING CONDITIONS: 

$C-HS $HS-A = 2.5 deg/W (From information supplied 
with heat sink.) 

T J(avg) ( t * esi 9 n Hmlt) = 200°C 
T a = 50°C 
d = 10% (0.1) 
t p = 0.1 ms 



t p — Pulse Width — ms 

FIGURE 9 


Equation No. 1 — Application: d-c power dissipation, 
heat sink used. 

p _ T J(avg) ~ T A for 100°C < T c < 200°C, 

T(avg) 0 J C + ^ C . HS -f 0 H$ _ A as in Figure 8 


Equation No. 2 — Application.- d-c power dissipation, 
no heat sink used. 

P T|.vg| = - I 7 I ~ Ta t«, «°C < I A < 200 °C 
C/j.a 


Equation No. 3 — Application.- Peak power dissipation, 
heat sink used. 


TfmaxJ = -rr for 100°C < T c < 200°C 

1 ] «»Wc-HS+ <?HS-a) + K 6>J. C c 


-Ta 


Equation No. 4 — Application: Peak power dissipation, 
no heat sink used. 


P T[max) 


T J(max) ~ T A 

* 6c . A + K 6i.c 


for 25°C < T A < 200°C 


Solution: 

From Figure 9, Peak-Power Coefficient 

K = 0.1 and by use of equation No. 3 


P T(max) 
P T(max) = 


Tj[max) ~ Ta 

d (&C-HS + #HS-a) + K ^J-C 


200 - 50 

0.1 (2.5) + (hl(2.5) 


= 300 W 
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TYPE 2N4300 

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


FOR POWER-AMPLIFIER AND HIGH-SPEED -SWITCHING APPLICATIONS 

• 15 W at 100°C Case Temperature 

• Max V CE(sat) of 0.3 V at 1 A l c 

• Typ t on of 130 ns at 1 A lc 

• Min f T of 30 MHz 


* mechanical data 




* absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Collector-Base Voltage 100V 

Collector-Emitter Voltage (See Note 1) 80 V 

Emitter-Base Voltage 8 V 

Continuous Collector Current 2 A 

Peak Collector Current (See Note 2) 4 A 

Continuous Base Current 1 A 

Continuous Emitter Current 3 A 

Safe Operating Region at (or below) 100°C Case Temperature See Figure 7 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) 15 W 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) . . . . 1 W 

Operating Collector Junction Temperature Range -65° C to 200°C 

Storage Temperature Range -65°C to 200°C 

Lead Temperature Ks Inch from Case for 10 Seconds 230°C 

NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t p < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 0.1S W/deg. 

4. Derate linearly to 200°C free-air temperature at the rate of 5.72 mW/deg. 

♦Indicates JEDEC registered data. 
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TYPE 2N4300 
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TYPE 2N4300 

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


* electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

V(BR)CEO 

Collector-Emitter Breakdown Voltage 

lc — 30 mA, Iq — 0, 

See Note 5 

80 

V 

IcEO 

Collector Cutoff Current 

Vce = 40 V, l B = 0 

1 

fxk 

Ices 

Collector Cutoff Current 

Vce = 90 V, Vm = 0 

10 

/iA 

Vce = 90 V, V k = 0, 

T c = 1 50°C 

75 

Iebo 

Emitter Cutoff Current 

Ve. = 5 V, l c = 0 

0.5 

^A 

Veb = 8 V, l c = 0 

10 

hFE 

Static Forward Current Transfer Ratio 

Vce = 2 V, lc = 1 A, 

See Notes 5 and 6 

30 

120 


Vce = 2 V, «c = 2 A, 

See Notes 5 and 6 

15 


Vbe 

Base-Emitter Voltage 

Vce = 2 V, l c = 2 A, 

See Notes 5 and 6 

1.2 

V 

VcE(sat) 

Collector-Emitter Saturation Voltage 

l B = 100 mA, lc = 1 A, 

See Notes 5 and 6 

0.3 

V 

l s = 200 mA, l c = 2 A, 

See Notes 5 and 6 

0.5 

Hfe 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

Vce = 5 V, l c = 1 A, 

f = 1 kHz 

30 


IM 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

Vce = 10 V, l c = 1 A, 

f = 15 MHz 

2 



NOTES: 5. These parameters must be measured using pulse techniques. t p = 300 fis, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


* thermal characteristics 


PARAMETER 

MAX 

UNIT 

0j.c iunction-to-Case Thermal Resistance 

6.66 

deg/W 

0j. A Junction-to-Free-Air Thermal Resistance 

175 


^Indicates JEDEC registered data. 
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TYPE 2N4300 

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


switching characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONS! 

TYP 

UNIT 

to, Turn-On Time 

Ic = 1 A, 

1 b(i ) — TOO mA, 1 b( 2] TOO mA, 

0.13 

P* 

t off Turn-Off Time 

V BE(off) = ”3.7 V, 

lit = 20 ft. See Figure 1 

T.5 


fVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 



+ 16 V - - y si 90% 

-1 y | V 


INPUT 


toff 

10% 4 


90% J 


OUTPUT 


VOLTAGE WAVEFORMS 

FIGURE 1 


5 


NOTES: a. The input waveform is supplied by a generator with the following characteristics-. t r < 15 ns, t f < 15 ns, = 50 ft, t p = 2 /xs, duty 
cycle < 2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics.- t r < 15 ns, R jn ^ 10 MO, C jn < 11.5 pF. 

c. Resistors must be non inductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 
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TYPE 2N4300 

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


TYPICAL CHARACTERISTICS 

STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



20 40 70 100 200 400 700 1000 2000 

lc~ Collector Current — mA 

FIGURE 2 


BASE-EMITTER VOLTAGE 


vs 



-75 -50 -25 0 25 50 75 100 125 150 

T c — Case Temperature — “C 

FIGURE 3 


COLLECTOR-EMITTER SATURATION VOLTAGE 


vs 



-75 -50 -25 0 25 50 75 1 00 125 1 50 


T^ — Case Temperature — *C 

FIGURE 4 


NOTES: 5. These parameters must be measured using pulse techniques. t p = 300 fit, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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TYPE 2N4300 

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


TYPICAL CHARACTERISTICS 


COMMON-BASE OPEN-CIRCUIT INPUT 

NORMALIZED COLLECTOR - EMITTER BREAKDOWN VOLTAGE AND OUTPUT CAPACITANCE 


vs 



R re — Base - Emitter Resistance — ft 


vs 

REVERSE BIAS VOLTAGE 



1 2 4 7 1 0 20 40 70 100 

Reverse Bias Voltage —V 


FIGURE 5 


FIGURE 6 


NOTE 5: These parameters must be measured using pulse techniques. t p = 300 /is, duty cycle < 2%. 


MAXIMUM SAFE OPERATING REGION 



FIGURE 7 
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TYPE 2N4300 

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


THERMAL INFORMATION 



CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



0 25 50 75 100 125 150 1 75 200 


T c —Case Temperature— °C 

FIGURE 8 * 


PEAK-POWER COEFFICIENT CURVE 



tp — Pulse Width — ms 

FIGURE 9 


SYMBOL DEFINITION 


SYMBOL 

DEFINITION 

VALUE 

UNIT 

P T(avg) 

Average Power Dissipation 


W 

P T(max) 

Peak Power Dissipation 


W 

0J-A 

Junction-to-Free-Air Thermal Resistance 

175 

deg/W 

0J-C 

Junction-to-Case Thermal Resistance 

6.66 

deg/W 

#C-A 

Case-to-Free-Air Thermal Resistance 

168 

deg/W 

#C-HS 

Case-to-Heat-Sink Thermal Resistance 


deg/W 

0HS-A 

Heat-Sink-to-Free-Air Thermal Resistance 


deg/W 

t a 

Free-Air Temperature 


°C 

T C 

Case Temperature 


°c 

T J(avg) 

Average Junction Temperature 

< 200 

°c 

Tj(max) 

Peak Junction Temperature 

< 200 

°c 

K 

Peak-Power Coefficient 

See Figure 9 


f P 

Pulse Width 


ms 

»x 

Pulse Period 


ms 

d 

Duty-Cycle Ratio (fp/t x ) 




Equation No. 1 — Application: d-c power dissipation, 
heat sink used. 

P — T J(avg) ~ T A for 100°C < T c < 200°C 

T(aV9) 0j-c + 0C-HS + 0HS-A os in Fi 9 ure 8 


Equation No. 2 — Application: d-c power dissipation, 
no heat sink used. 


P T|avg} ~ 


Tj(avg) 

0J-A 


for 25° C < T a < 20O°C 


Equation No. 3 — Application-. Peak power dissipation, 
heat sink used. 


, _ T J(max) ~ T A 

T """ 1 d (Sent + «hs.a) + « 0j-c 


for 100°C < T c < 200°C 


Equation No. 4 — Application-. Peak power dissipation, 
no heat sink used. 


r T(max) ’ 


1 J(max) " 


d #C-A + K 0J-C 


for 25°C < T a < 200 °C 


Example — Find P T j max j (design limit) 

OPERATING CONDITIONS: 

^C-HS “f" ^HS-A = ^ de 9/W (From information supplied 
with heat sink.) 

Tj(avg) (design limit) = 200°C 
T a = 50°C 
d = 10% (0.1) 
t p = 0.1 ms 


Solution: 

From Figure 9, Peak-Power Coefficient 

K = 0.105 and by use of equation No. 3 

p __ ^J(max) F A 

T(max) d (0 c . HS -f. 0 H$ A ) + K 0j. c 

200- 50 

P T , , = = 107 W 

T(maxj Q ] + 105 m 
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TYPE 2N4301 

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 



FOR POWER- AMPLIFIER AND HIGH SPEED- SWITCHING APPLICATIONS 

• 50 W at 100°C Case Temperature 

• Max V CE(sat) of 0.4 V at 5 A l c 

• Typ t on of 150 ns at 5 A l( 

• Min f T of 40 MHz 


* mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



ALL JEDEC T0-61 DIMENSIONS 
AND NOTES ARE APPLICABLE 


CASE TEMPERATURE MEA- 
SUREMENT POINT IS UN- 
DERSIDE OF FLAT SURFACE 
WITHIN 0.125" FROM STUD 



* absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage 100 V 

Collector-Emitter Voltage (See Note 1) 80 V 

Emitter-Base Voltage 8 V 

Continuous Collector Current 10 A 

Peak Collector Current (See Note 2) 20 A 

Continuous Base Current 4 A 

Continuous Emitter Current 10A 

Safe Operating Region at (or below) 100°C Case Temperature See Figure 7 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) 50 W 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 3.5 W 

Operating Collector Junction Temperature Range -65°C to 200°C 

Storage Temperature Range -65°C to 200°C 

Terminal Temperature V\f> Inch from Case for 10 Seconds 230°C 


5 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t p < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 0.5 W/deg. 

4. Derate linearly to 200°C free-air temperature at the rate of 20 mW/deg. 

♦Indicates JEDEC registered data. 
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TYPE 2N4301 

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


* electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

VfBRJCEO 

Collector-Emitter Breakdown Voltage 

l c = 30mA, 

l B = 0, See Note 5 

80 

V 

•CEO 

Collector Cutoff Current 

V C e = 40V, 

l B = 0 

10 

Ilk 

Ices 

Collector Cutoff Current 

V C e=90V / 

V B e == 0 

10 

Ilk 

V C e = 90V, 

■< 

ffi 

II 

o 

n* 

II 

<5 

o 

500 

Iebo 

Emitter Cutoff Current 

V E b=5V, 

l c = 0 

5 

fik 

Veb = 8 V, 

lc == 0 

50 

Hfe 

Static Forward Current Transfer Ratio 

Vce = 4V, 

l c = 5 A, See Notes 5 and 6 

30 

120 


Vce =4 V, 

l c = 10 A, See Notes 5 and 6 

15 


Vbe 

Base-Emitter Voltage 

Vce =4 V, 

lc — 10 A, See Notes 5 and 6 

1.2 

V 

VcE(sat) 

Collector-Emitter Saturation Voltage 

l B = 0.5 A, 

l c = 5 A, See Notes 5 and 6 

0.4 

y 

l B = U A, 

lc = 10 A, See Notes 5 and 6 

1 


h,. 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

Vce = 5^ 

l c == 1 A, f = 1 kHz 

30 


IM 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

Vce = 5 V, 

lc = 1 A, f = 20 MHz 

2 



NOTES: 5. These parameters must be measured using pulse techniques. t p = 300 [is, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


^thermal characteristics 


PARAMETER 

MAX 

UNIT 

0j. c Junction-to-Case Thermal Resistance 

2 

deg/W 

9j. a Junction-to-Free-Air Thermal Resistance 

50 


"Indicates JEDEC registered data. 
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TYPE 2N4301 

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


switching characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONS! 

TYP 

UNIT 

ton Turn-On Time 

Ic = 5 A, 1 b{i j = 500 mA, 1 b( 2 ) = — 500 mA, 

V B E( 0 ff) = — 5 V, R L = 5 H, See Figure 1 

0.15 

/xs 

t 0 ff Turn-Off Time 

1.5 


fVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 




VOLTAGE WAVEFORMS 


FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t f < 15 ns, t f < 15 ns, = 50 £2, t p = 10 /as, 
duty cycle < 2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, R in > 10 MO, C jn < 11.5 pF. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 
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TYPE 2N4301 

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 



TYPICAL CHARACTERISTICS 

STATIC FORWARD CURRENT TRANSFER RATIO 


COLLECTOR CURRENT 



BASE-EMITTER VOLTAGE 



-75 -50 -25 0 25 5 0 75 100 125 150 

T c — Case Temperature — °C 


COLLECTOR-EMITTER SATURATION VOLTAGE 


vs 



-75 -50 -25 0 25 50 75 100 125 150 

Tc — Case Temperature — °G 


FIGURE 3 


FIGURE 4 


NOTES: 5. These parameters must be measured using pulse techniques. t p = 300 fis, duty cycle < 2%. 

fy. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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TYPE 2N4301 

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


TYPICAL CHARACTERISTICS 


NORMALIZED COLLECTOR-EMITTER BREAKDOWN VOLTAGE 



COMMON-BASE OPEN-CIRCUIT 
INPUT AND OUTPUT CAPACITANCE 



1 2 4 7 10 20 40 7Q 100 

Reverse Bias Voltage — V 


FIGURE 5 


FIGURE 6 


5 


MAXIMUM SAFE OPERATING REGION 



FIGURE 7 
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TYPE 2N4301 

N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


THERMAL INFORMATION 


CASE TEMPERATURE 



0 25 5 0 75 100 125 150 175 200 

T c — Case Temperature — °C 



t p — Pulse Width — m$ 


FIGURE 8 


FIGURE 9 


SYMBOL DEFINITION 


SYMBOL 

DEFINITION 

VALUE 

UNIT 

P T(avg) 

Average Power Dissipation 


W 

P T|max) 

Peak Power Dissipation 


w 

0J-A 

Junction-to-Free-Air Thermal Resistance 

50 

deg/W 

0J-C 

Junction-to-Case Thermal Resistance 

2 

deg/W 

0C-A 

Case-to-Free-Air Thermal Resistance 

48 

deg/W 

0C-HS 

Case-to-Heat-Sink Thermal Resistance 


deg/W 

0HS-A 

Heat-Sink-to-Free-Air Thermal Resistance 


deg/W 

t a 

Free-Air Temperature 


°C 

T C 

Case Temperature 


°C 

T J(avg) 

Average Junction Temperature 

<200 

°C 

T J(max) 

Peak Junction Temperature 

< 200 

°C 

K 

Peak-Power Coefficient 

See Figure 9 


f P 

Pulse Width 


ms 

»x 

Pulse Period 


ms 

d 

Duty-Cycle Ratio (tp/t x ) 




Equation No. 1 — Application: d-c power dissipation, 
heat sink used. 

P = T J(avg) ~ T A for 100°C < T c < 200°C 

T(aV9) 0j. C + &C-HS + &HS-A as in F '9 ure 8 

Equation No. 2 — Application: d-c power dissipation, 
no heat sink used. 

„ _ T J(avg) “ T A for 25°C < T A < 200°C 

P T(avg) 

Equation No. 3 — Application: Peak power dissipation, 
heat sink used. 


r T(max) ‘ 


1 J(max) " 


d (^C-HS + 0HS-A) + K 0J-C 


- for 100°C < T r < 200° C 


Equation No. 4 — Application: Peak power dissipation, 
no heat sink used. 


f„__, = Ta (or 25°C < T. < 200°C. 

T H0C-A + Mj.c 


Example — Find Px(max) (design limit) 

OPERATING CONDITIONS: 

^C-HS 0HS-A ~ F 8 d e 9/W (From information supplied 
with heat sink.) 

T J{avg) ( des '9 n limit ) ~ 200 ° C 

T a = 50°C 
d = 10% (0.1) 
t p = 0.1 ms 


Solution: 

From Figure 9 , Peak-Power Coefficient 

K = 0.101 and by use of equation No. 3 

p _ ^J(max) F A 

T(max) d (0 C . HS + Ohs-a ) + K 0J-C 
_ 200 - 50 _ 4rnuf 

pT(max) “ 0.1 (1.3) + 0.101 (2) 450 W 
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TYPES 2N4398, 2N4399 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N53Q1, 2N5302 

• 200 Watts at 25° C Case Temperature 

• 30 A Rated Continuous Collector Current 
. Min f T of 4 MHz at 10 V, 1 A 


^mechanical data 


The case outline is the same as JEDEC TO-3 except for lead diameter. 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 




5 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


2N4398 2N4399 


Collector-Base Voltage -40 V -60 V 

Co I lector- Emitter Voltage (See Note 1) -40 V -60 V 

Col lector- Emitter Voltage (See Note 2) -40 V -60 V 

*Emitter-Base Voltage -< 5 V >- 

Continuous Collector Current ■< -30 A 

*Peak Collector Current (See Note 3) -< -50 A 

Continuous Base Current -< 7.5 A 

*Peak Base Current (See Note 3) ■< 15 A h 

Safe Operating Region at (or below) 25°C Case Temperature See Figure 2 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 4) . . . -< 200 W >- 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 5) . -< 5 W >~ 

^Operating Collector Junction Temperature Range -65°C to 200°C 

"Storage Temperature Range -65° C to 200° C 

*Lead Temperature 1/16 Inch from Case for 10 Seconds -< 235° C >- 


NOTES: 


1. These values apply when the base-emitter voltage Vgg = 1.5 V. 

2. These values apply when the base-emitter diode is open-circuited. 

3. This value applies for t p <0.3 ms, duty cycle < 1 0%. 

4. Derate linearly to 200°C case temperature at the rate of 1.15 W/deg. 

5. Derate linearly to 200°C free-air temperature at the rate of 28.6 mW/deg. 


* I ndicates JEDEC registered data 
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TYPES 2N4398, 2N4399 

P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


“electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N4398 

2N4399 

UNIT 


MIN MaX 

V(BR)CEO Collector-Emitter Breakdown Voltage 

l c ss -200 mA, l B = 0 See Note 6 

-40 

-60 

V 

•cBO Collector Cutoff Current 

V cb = -40V. I e = 0 

-1 


mA 

V cb = -60V, l E = 0 


-1 

*CEO Collector Cutoff Current 

V CE = -40 V, l B = 0 

-5 


mA 

V ce = -60V, I b = 0 


-5 

Ice V Collector Cutoff Current 

V ce = - 4 °V, V be = 1.5 V 

-5 


mA 

V CE = -60 V, V BE * 1.5 V 


-5 

V CE = -30 V, V BE = 1.5 V, T c = 150*C 

-10 

-10 

*EBO Emitter Cutoff Current 

V eb = -5V, l c = 0 

-5 

-5 

mA 

Static Forward Current 
hpE Transfer Ratio 

V CE = -2 V, l c = -1A 

See Notes 

6 and 7 

40 

40 


V ce = -4V, l C = -15 A 

15 60 

15 60 

V CE = -4 V, l c = -30 A 

5 

5 

V BE Base-Emitter Voltage 

l B = -1.5 A, l c = -15 A 

See Notes 

6 and 7 

-1.85 

-1.85 

V 

V ce = -2V, l c = -15 A 

-1.7 

-1.7 

V CE = -4 V, l c = -30 A 

-3 

-3 

VcE(sat) Col lector- Emitter Saturation Voltage 

l B = -1A, I c = -10A 

See Notes 

6 and 7 

-0.75 

-0.75 

V 

l B = -1.5 A, l c = -15 A 

-1 

-1 

l B = -6 A, l c = -30 A 

-4 

-4 

^ Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V CE = -10 V, l c = -1 A, f = 1 kHz 

40 

40 


| Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V CE = -10 V, l c = -1 A, f = 1 MHz 

4 

4 



NOTES: 6. These parameters must be measured using pulse techniques. t p = 300 /us, duty cycle 5s2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


thermal characteristics 


PARAMETER 

MAX 

UNIT 

0j-C Junction-to-Case Thermal Resistance 

0.875 

deg/W 

0j-A Junction-to-Free-Air Thermal Resistance 

35 



“switching characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONSt 

MAX 

UNIT 

t r Rise Time 

l C = -10 A, l B(1 ) * -1 A, V BE(off) = 2 V, 

R l = 3 n. See Figure 1 

0.4 

MS 

t s Storage Time 

l c = -10 A, l B (D=-1 A, >B(2) = 1 A ' 

R L = 3n, See Figure 2 

1.5 

t f Fall Time 

0.6 


tVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
* Indicates JE DEC registered data 
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TYPES 2N4398, 2N4399 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


•PARAMETER MEASUREMENT INFORMATION 
^ V ^ 

-H t r 



r 


1 > 
/ 


90% 

10% 


VOLTAGE WAVEFORMS 



OUTPUT 


INPUT 


OUTPUT 



VOLTAGE WAVEFORMS 

FIGURE 2 - STORAGE AND FALL TIMES 


NOTES: a. The input waveforms have the following characteristics: t r <20 ns, tf <20 ns, t p = 10 jus to 100 \is, duty cycle <2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: t r ^s20 ns, Rj n ^10kf2, C in <11.5pF. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 

• I ndicates JEDEC registered data 


5 


MAXIMUM SAFE OPERATING REGION 



1 1 1 l I. .1., I 1 I 1 1 ■ i i nun 

-1 -2 -4 -7 -10 -20 -40 -70 -100 


V CE — Col lector- Emitter Voltage — V 

FIGURE 3 
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Base-Emitter Voltage 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 


VS 



-0.2 -0.4 -0.7-1 -2 -4 -7-10 -20 -40 

l c — Collector Current — A 

FIGURE 4 



l c — Collector Current — A 


COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 

COLLECTOR CURRENT 



FIGURE 5 


FIGURE 6 


NOTES: 6. These parameters must be measured using pulse techniques. t p = 300 jus, duty cycle <2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 






TYPES 2N4901, 2N4902, 2N4903 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND SWITCHING APPLICATIONS 


• 87.5 W at 25°C Case Temperature 

• 5 A Rated Collector Current 


• Min f T of 4 MHz at 10 V, 1 A 


"mechanical data 


ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25° C case temperature (unless otherwise noted) 

*Coilector-Base Voltage 

"Collector-Emitter Voltage (See Note 1) 

"Emitter-Base Voltage 

"Continuous Collector Current 

Peak Collector Current (See Note 2) 

"Continuous Base Current 

Safe Operating Region at (or below) 25°C Case Temperature 

"Continuous Device Dissipation at (or below) 25°C 

Case Temperature (See Note 3) 

Continuous Device Dissipation at (or below) 25°C 

Free-Air Temperature (See Note 4) 

"Operating Collector Junction Temperature Range 

"Storage Temperature Range 

"Terminal Temperature 1/16 Inch from Case for 10 Seconds 


2N4901 2N4902 2N4903 

-40 V -60 V -80 V 
-40 V -60 V -80 V 


-5 V -5 V -5 V 

-5 A y 

■< 15 A >- 

^ _1 a ►- 

-< See Figure 2 y 


< 87.5 W > 



4 W 


-65 C to 200 C 
-65° C to 200° C 
235°C 



NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t p <0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 0.5 W/deg. 

4. Derate linearly to 200°C free-air temperature at the rate of 22.9 mW/deg. 


* I ndicates JEDEC registered data 
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TYPES 2N4901, 2N4902, 2N4903 

BULLETIN NO. DL-S 6810048, NOVEMBER 1968 



TYPES 2N4901, 2N4902, 2N4903 

P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


^electrical characteristics at 25° C free-air temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N4901 

2N4902 

2N4903 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

w Collector-Emitter 

V (BR)CEO 

Breakdown Voltage 

Iq = -200 mA,l B = 0, See Note 5 

-40 

-60 

-80 

V 

Collector Cutoff 
*CEO Current 

V ce = -40V, l B = 0 

-1 




V CE = -60 V, l B = 0 


-1 


mA 

V CE = -80V, l B = 0 



-1 

mA 

. Collector Cutoff 

■CEV 

Current 

V CE = -40 V, V BE = 1.5 V 

-0.1 



V CE = -60 V, V BE = 1.5 V 


-0.1 


V CE = -80V, V BE = 1.5 V 



-0.1 

V CE = -40 V, V BE = 1.5 V,T C = 150°C 

-2 



V CE = -60 V, V BE = 1.5 V,T C = 150°C 


-2 


V CE = -80 V, V BE = 1.5 V,T C = 150°C 



-2 

, Emitter Cutoff 

'ebo 

Current 

V eb = -5V, l c = 0 

-1 

-1 

-1 

mA 

. Static Forward Current 

h FE 

Transfer Ratio 

V CE = -2 V, Iq = -1 A, See Notes 5 and 6 

8 

00 

o 

20 80 

20 80 


V CE = -2 V, l c = -5 A, See Notes 5 and 6 

7 

7 

7 

V BE Base- Emitter Voltage 

V CE = -2 V, l c = -1 A, See Notes 5 and 6 

-1.2 

-1.2 

-1.2 

V 

w Collector-Emitter 

V CE(sat) 

Saturation Voltage 

l B = -0.1 A, l c = -1 A, See Notes 5 and 6 

-0.4 

-0.4 

-0.4 

V 

1 B = -1 A, l c = -5 A, See Notes 5 and 6 

-1.5 

-1.5 

-1.5 

Small-Signal 

. Common-Emitter 

nfe 

Forward Current 

Transfer Ratio 

V CE = -10 V, l c = -0.5 A, f = 1 kHz 

20 

20 

20 


Small-Signal 

|. 1 Common-Emitter 

Forward Current 

Transfer Ratio 

V CE = -10 V, l c = -1 A, f = 1 MHz 

4 

4 

4 



NOTES: 5. These parameters must be measured using pulse techniques: t p = 300 /us, duty cycle ^2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 

’Indicates JEDEC registered data 


thermal characteristics 


PARAMETER 

MAX 

UNIT 

6 j_c Junction-to-Case Thermal Resistance 

2 

deg/W 

9 j_ A Junction-to-Free-Air Thermal Resistance 

43.7 



switching characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONSt | 

TYP 

UNIT 

*on 

Turn-On Time 

«C = -1 A, l B(1) * “0.1 A, 

l B (2) = 0-1 A, 

0.35 

jus 

l of f 

Turn-Off Time 

V B E(off) = 3.7V, R L = 20H, 

See Figure 1 

0.8 


tVoltage and current values shown are nominal; exact values vary slightly with device parameters. 
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TYPES 2N4901, 2N4902, 2N4903 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 



VOLTAGE WAVEFORMS 

FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t r 1 5 ns, tf < 1 5 ns, Z out = 50 £1 , 
tp = 10 jus, duty cycle <2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, Rj n > 1 0 Mfi , Cj n < 1 1 .5 pF. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 

MAXIMUM SAFE OPERATING REGION 



FIGURE 2 
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TYPES 2N4901, 2N4902, 2N4903 

P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


5-170 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 



BASE -EMITTER VOLTAGE 
vs 



-0.1 -0.2 -0.4 -0.7-1 -2 -4 -7-10 


lc — Collector Current — A 
FIGURE 4 


COLLECTOR- EMITTER SATURATION VOLTAGE 
vs 



-0.1 -0.2 -0.4 -0.7-1 -2 -4 -7-10 

1^. — Collector Current — A 

FIGURE 5 


NOTES: 5. These parameters must be measured using pulse techniques. t p = 300 >us, duty cycle 5:2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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TYPES 2N4904, 2N4905, 2N4906 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


FOR POWER AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N4913, 2N4914, 2N4915 

• 87.5 W at 25°C Case Temperature 

• 5 A Rated Collector Current 

• Min f T of 4 MHz at 10 V, 500 mA 

"mechanical data 


All JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



1-BASE — ' MEASUREMENT POINT 

DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


2N4904 2N4905 2N4906 

"Collector-Base Voltage _40 V -60 V -80 V 

* Co I lector- Emitter Voltage (See Note 1) -40 V -80 V -80 V 

* Emitter-Base Voltage -5 V 

Continuous Collector Current -< -5 A y 

Peak Collector Current (See Note 2) 15 A 

Continuous Base Current -1 A >- 

Safe Operating Region at (or below) 25°C Case Temperature .... -< See Figure 2 — 

Continuous Device Dissipation at (or below) 25°C Case 

Temperature (See Note 3) 87.5 W y 

Continuous Device Dissipation at (or below) 25°C Free-Air 

Temperature (See Note 4) -< 4 W y 

"Operating Collector Junction Temperature Range ■< 65°C to 200°C — 

"Storage Temperature Range 65°Cto200°C — y 

"Lead Temperature 1/16 Inch from Case for 10 Seconds 235°C -y 


NOTES: i. 

2 . 

3. 

4 . 


This value applies when the base-emitter diode is open-circuited. 

This value applies for t p < 0.3 ms, duty cycle < 1 0%. 

Derate linearly to 200°C case temperature at the rate of 0.5 W/deg. 
Derate linearly to 200°C free-air temperature at the rate of 22.9 mW/deg. 


* Indicates JEDEC registered data 
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TYPES 2N4904, 2N4905, 2N4906 

P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 
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“electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N4904 

2N4905 

2N4906 

UNIT 

MIN MAX 

MIN MAX 


w Col lector- Emitter 

V (BR)CEO 

Breakdown Voltage 

l c = _200 mA, 1 B = 0, See Note 5 

-40 

-60 

-80 

V 

1 c e O Col lector Cutoff Cu r rent 

V CE = -40V, l B = 0 

-1 



mA 

V ce = -60V, l B = 0 


-1 


V CE = -80 V, l B = 0 



-1 

Ice V Collector Cutoff Current 

V CE = -40 V, V BE = 1.5 V 

-0.1 



mA 

V CE = -60 V, V BE = 1.5 V 


-0.1 


V CE =-80 V, V BE = 1.5 V 



-0.1 

V CE = -40 V, V BE = 1.5 V, T c = 150 u C 

-2 



V CE = -60 V, V BE = 1.5 V, T c = 150°C 


-2 


V CE = -80V, V be = 1.5 V, T c = 150°C 



-2 

1 e BO Emitter Cutoff Current 

V eb = -5V, l c = 0 

-1 

-1 

-1 

mA 

. Static Forward Current 

h F E 

T ransfer Ratio 

V c E = -2 V, l c = -2.5 A, See Notes 5 and 6 

25 100 

25 100 

25 100 


Vc E = -2 V, l c = -5 A, See Notes 5 and 6 

7 

7 

7 

V BE Base-Emitter Voltage 

V CE = -2 V, lc=-2.5A, See Notes 5 and 6 

-1.4 

-1.4 

-1.4 

V 

w Col lector- Emitter 

V CE(sat) 

Saturation Voltage 

l B = -0.25A, l c = -2.5 A, See Notes 5 and 6 

-1 

-1 

-1 

V 

l B = -1 A, l c = -5 A, See Notes 5 and 6 

-1.5 

-1.5 

-1.5 

^ Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V CE = -10V, l c = -0.5A / f = 1 kHz 

40 

40 

40 


i. | Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V CE = -10V, l c = -0.5 A, f = 1 MHz 

4 

4 

4 



NOTES: 5. These parameters must be measured using pulse techniques. t p = 300 jus, duty cycle <2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
* Indicates JE DEC registered data 

thermal characteristics 


PARAMETER 

MAX 

UNIT 

dj-C Junction-to-Case Thermal Resistance 

2 

deg/W 

0 J-A Junction-to-Free-Air Thermal Resistance 

43.7 



switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONSt 

TYP 

UNIT 

t on Turn-On Time 

l c = -2.5 A, l B(1) = -250 mA, l B{2 ) = 250 mA, 

v BE(off) = 4-1 v » r l * 10 See Figure 1 

0.4 

jus 

t Q ff Turn-Off Time 

0.7 


t Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
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TYPES 2N4904, 2N4905, 2N4906 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 



VOLTAGE WAVEFORMS 

FIGURE 1 

NOTES: a. The input waveform is supplied by a generator with the following characteristics: t r ^ 15 ns, tf < 15 ns, Z 0ut = 50 SI, 
t p = 1 0 jus, duty cycle < 2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: t r <15 ns, Rj n >10 Mf2, C jn <11.5pF. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 


5 


MAXIMUM SAFE OPERATING REGION 



V C E - Collector-Emitter Voltage - V 

FIGURE 2 
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TYPES 2N4904, 2N4905, 2N4906 

P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


5-174 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 


VS 



•0.1 -0.2 -0.4 -0.7-1 -2 -4 -7-10 

l c — Collector Current — A 
FIGURE 3 


BASE -EMITTER VOLTAGE 
vs 



■0.1 -0.2 -0.4 -0.7-1 -2 -4 -7-10 

lc — Collector Current — A 
FIGURE 4 


COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 


COLLECTOR CURRENT 



NOTES: 5. These parameters must be measured using pulse techniques. t p = 300 /us, duty cycle <2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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TYPES 2N4913, 2N4914, 2N4915 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N4904 THRU 2N4906 

• 87.5 W at 25°C Case Temperature 

• 5 A Rated Collector Current 

• Min f T of 4 MHz at 10 V, 1 A 


* mechanical data 


ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



DIMENSIONS ARE IN INCHES 


5 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


* Collector-Base Voltage 

*Collector-Emitter Voltage (See Note 1) 

* Emitter-Base Voltage 

*Continuous Collector Current 

Peak Collector Current (See Note 2) 

Continuous Base Current 

Safe Operating Region at (or below) 25°C Case Temperature . . 

*Continuous Device Dissipation at (or below) 25°C Case 

Temperature (See Note 3) 

Continuous Device Dissipation at (or below) 25°C Free-Air 

Temperature (See Note 4) 

*Operating Collector Junction Temperature Range 

* Storage Temperature Range 

*Lead Temperature Xt Inch from Case for 10 Seconds 


2N4913 2N4914 2N4915 

40 V 60 V 80 V 

40 V 60 V 80 V 

. ^ 5 V ^ 

. -« 5 A ^ 

15 A ^ 

. -< 1 A >- 

. See Figure 6 >- 

. ^ 87.5 W ^ 

. ^ _ 4 W >- 

. 65°C to 200°C >- 

. 65°C to 200° C K" 

. ^ 235°C ^ 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t p = 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 0.5 W/deg. 

4. Derate linearly to 200°C free-air temperature at the rate of 22.9 mW/deg. 

♦Indicates JEDEC registered data 
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TYPES 2N4913, 2N4914, 2N4915 

BULLETIN NO. DL-S 6810999, NOVEMBER 1968 



TYPES 2N4913, 2N4914, 2N4915 

N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


5 


5-176 


* electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N4913 

2N4914 

2N4915 

UNIT 

MIN MAX 

X 

< 

z 

MIN MAX 

Collector-Emitter 
(br)ceo Breakdown Voltage 

lc = 200 mA, l B = 0, See Note 5 

40 

60 

80 

V 

Collector Cutoff 

CEO Current 

V CE = 40 V, l B = 0 

1 



mA 

Vce = 60 V, l B = 0 


1 


V C e = 80 V, l B = 0 



1 

Collector Cutoff 
,CEV Current 

V CE = 40 V, V BE = -1.5 V 

0.1 



mA 

Vce = 60 V, V BE = -1.5 V 


0.1 


Vce = 80 V, V Be = -1.5 V 



0.1 

V CE = 40 V, V BE = -1.5 V, T c = 150°C 

2 



V CE = 60 V, V* = -1.5 V, T c = 150°C 


2 


V CE = 80 V, V* = -1.5 V, T c = 150°C 



2 

l EB o Emitter Cutoff Current 

Veb = 5 V, lc = 0 

1 

1 

1 

mA 

, Static Forward Current 

hp£ 

Transfer Ratio 

V C e = 2 V, l c = 2.5 A, See Notes 5 and 6 

25 100 

25 100 

25 100 


V CE = 2 V, l c = 5 A, See Notes 5 and 6 

7 

7 

7 

V B e Base-Emitter Voltage 

V CE = 2 V, l c = 2.5 A, See Notes 5 and 6 

1.4 

1.4 

1.4 

V 

Collector-Emitter 

CE,satl Saturation Voltage 

l B = 0.25 A, l c = 2.5 A, See Notes 5 and 6 

0.75 

0.75 

0.75 

V 

Ib — 1 A, l c = 5 A, See Notes 5 and 6 

1.5 

1.5 

1.5 

Small-Signal 
Common-Emitter 
fe Forward Current 

Transfer Ratio 

V CE = 10 V, l c = 0.5 A, f = 1 kHz 

20 

20 

20 


Small-Signal 

, Common-Emitter 

fe Forward Current 

Transfer Ratio 

V CE = 10V # l c = 1 A, f — 1 MHz 

| 

4 

4 

4 



NOTES: 5. These parameters must be measured using pulse techniques. t p = 300 fii, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


thermal characteristics 


PARAMETER 

MAX 

UNIT 

$j. c Junction-to-Case Thermal Resistance 

2 

deg/W 

0j. A Junction-to-Free-Air Thermal Resistance 

43.7 


‘Indicates JEDEC registered data 
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TYPES 2N4913, 2N4914, 2N4915 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


switching characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONSf 

TYP 

UNIT 

Ion Turn-On Time 

l c = 2,5 A, l B (i) = 250 mA, l B( 2 ) = -250 mA, 

V be ( offt = -4.1 V, R L = 10 a, See Figure 1 

0.6 

M* 

t off Turn-Off Time 

1.2 


tVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 




FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t r < 15 ns, t f < 15 ns, Z ou t = 50 U, t P = 10 n%, duty cycle < 2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, R in > 10 M{2, C in < 11.5 pF. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 
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TYPES 2N4913, 2N4914, 2N4915 

N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


5 


STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



0.05 0.1 0.2 0.4 0.7 1 2 4 5 

lc — Collector Current — A 

FIGURE 2 


BASE-EMITTER VOLTAGE 


vs 



-75 -50 -25 0 25 50 75 100 125 150 

T<- - — Case Temperature — °C 


COLLECTOR-EMITTER SATURATION VOLTAGE 


vs 



-75 -50 -25 0 25 5 0 75 100 125 150 

Tc — Case Temperature — °C 


FIGURE 3 FIGURE 4 

MOTES: 5. These parameters must be measured using pulse techniques. t p = 300 /xs, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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TYPES 2N4913, 2N4914, 2N4915 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


COMMON-BASE OPEN-CIRCUIT OUTPUT CAPACITANCE 
vs 


COLLECTOR-BASE VOLTAGE 



100 


0 I 1 1 — 1— 1—1,11 l.J I I L- J L U „ UI 

1 2 4 7 10 20 40 70 100 

V CB — Collector-Base Voltage — V 

FIGURE 5 


MAXIMUM SAFE OPERATING REGION 


5 



10 20 40 70 100 

V C E — Collector-Emitter Voltage — V 

FIGURE 6 
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TYPES 2N4913, 2N4914, 2N4915 

N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 




5-180 


THERMAL INFORMATION 


£ 


8 

1 

5 


*> 

& 

8 

3 

C 

s 


u 

E 

3 

E 



0 25 5 0 75 100 125 150 175 200 

T c — Case Temperature — °C 


FIGURE 7 


PEAK-POWER COEFFICIENT CURVE 



t p — Pulse Width — ms 


FIGURE 8 


SYMBOL DEFINITION 


SYMBOL 

DEFINITION 

VALUE 

UNIT 

P T(av ) 

Average Power Dissipation 


W 

P T(max) 

Peak Power Dissipation 


w 

0J-A 

Junction-fo-Free-Air Thermal Resistance 

43.7 

deg/W 

#J-C 

Junction-to-Case Thermal Resistance 

2 

deg/W 

0c-A 

Case-to-Free-Air Thermal Resistance 

41.7 

deg/W 

0C-HS 

Case-to-Heat-Sink Thermal Resistance 


deg/W 

#HS-A 

Heat-Sink-to-Free-Air Thermal Resistance 


deg/W 

Ta 

Free-Air Temperature 


°C 

T C 

Case Temperature 


°C 

T J(avj 

Average Junction Temperature 

< 200 

°C 

Tj(max) 

Peak Junction Temperature 

< 200 

°c 

K 

Peak-Power Coefficient 

See Figure 8 


*P 

Pulse Width 


ms 

t x 

Pulse Period 


ms 

d 

Duty Cycle Ratio (t p /t x ) 




Example — Find Pj(max) (design limit) 

OPERATING CONDITIONS: 

$C-HS $H$-A = 2 -25 deg/W (From information supplied 
with heat sink.) 

Tj(av ) ( des i9 n limit) = 200°C 
T a = 50°C 
d = 10% (0.1) 
f p = 0.1 ms 


Equation No. 1 — Application: d-c power dissipation, 
heat sink used. 


P T(»v) 


T J(«v ) ~ T A for 25 °C < T c < 200° C, 

0J-C + #C-H$ + 0HS-A aj in fi 9 ure 7 - 


Equation No. 2— Application-, d-c power dissipation, 
no heat sink used. 

Vl = - % t-- A -l°r ««c < t a < 200°C 

0J-A 


Equation No. 3 — Application: Peak power dissipation, 
heat sink used. 


Equation No. 4 — Application: Peak power dissipation, 
no heat sink used. 


'T(max) ‘ 


1 J(max) " 


"0C-A + K0J-C 


-lor 2S°C < T a < 200° C 


Solution: 

From figure 8 , Peak-Power Coefficient 

K =0.11 and by use of equation No. 3 


I 




1 J(max) ~ 


d (^C-HS + ^HS-a) + K 0J-C 
200 - 50 


r T(max) “ ‘ 


0.1(2.25) + 0.11(2) 


_ = 337 W 
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TYPES 2N4998, 2N50Q0, 2N5148, 2N5150 
N-P-N SILICON POWER TRANSISTORS 


HIGH-FREQUENCY POWER TRANSISTORS WITH 
COMPUTER-DESIGNED ISOTHERMAL GEOMETRY 

• For Complementary Use With 2N4999, 2N5001, 2N5147, and 2N5149 

• 6 mJ Reverse Energy Rating with \q = 5 A and 4 V Reverse Bias 
*mechanical data 


30 00 H 

m c ■< 

<r x 

Sgs 

izl 

< o 00 

m co g 
30 -vj o 


2N4998, 2N5000 


ALL TERMINALS ARE INSULATED FROM THE CASE 



NOTES: A. Within this dimension, case diameter may vary. 

B. Position of terminals with respect to hexagon is not controlled. 

C. The case temperature may be measured anywhere on the seating plane within 
0.125 inch of the stud. 

D. All dimensions are in inches unless otherwise specified. 


co - 


A Jr ^ 

zro 
m Z 


2N5148, 2N5150 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



ALL JEDEC TO-39 DIMENSIONS AND NOTES ARE APPLICABLE 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


2N4998 2N5148 

2N5000 2N5150 

Collector-Base Voltage < 100 V* ► 

Co I lector- Emitter Voltage (See Note 1) * 80 V* ► 

Emitter-Base Voltage 6 V* ► 

Continuous Collector Current 2 A* 2 A* 

Peak Collector Current (See Note 2) 5 A* 5 A* 

Continuous Base Current 1 A* 1 A* 

Safe Operating Areas See Figures 7* and 8 

Continuous Device Dissipation at 50°C Case Temperature (See Note 3) 30 W* 6 W* 

Continuous Device Dissipation at 100°C Case Temperature (See Note 3) 20 W 4 W 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 2 W 1 W* 

Unclamped Inductive Load Energy (See Note 5) * 6 mJ ► 

Operating Collector Junction Temperature Range — 65°C to 200°C* 

Storage Temperature Range — 65° C to 200°C* 

Lead or Terminal Temperature 1/8 Inch from Case for 60 Seconds ** 300°C* ► 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. This value applies for tw < 8.3 ms, duty cycle <1%. 

3. For operation above (or below) 50°C case temperature, refer to Dissipation Derating Curves Figures 9 and 10. 

4. Derate linearly to 200°C free-air temperature at the rate of 11.4 mW/°C for 2N4998 and 2N5000, 5.7 mW/°C for 2N5148 and 
2N5150. 

5. This rating is based on the capability of the transistors to operate safely in the unclamped inductive load circuit of Section 3.2 of 
the forthcoming JEDEC publication Suggested. Standards on Power Transistors! . L = 0.48mH, R BB1 = 20 J2, R BB2 =100£2, 
V BB1 = 10 v » V BB2 = 4 v * r L = °.1 V CC = 1 o V, I CM = 5 A. Energy « lc 2 L/2. 

JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 

*This circuit appears on page 5-1 of this data book. 
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TYPES 2N4998, 2N5000. 2N5148, 2N5150 
N-P-N SILICON POWER TRANSISTORS 


"electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N4998 

2N5148 

2N5000 

2N5150 

UNIT 

MIN MAX 

MIN MAX 

Collector-Emitter 
v (BR)CEO Breakdown Voltage 

|0= 100 mA, Ib = 0, See Note 6 

80 

80 

V 

•CEO Collector Cutoff Current 

Vce = 40 V, l B = 0 

50 

50 

juA 

ICES Collector Cutoff Current 

Vqe = 60 V, V B e = 0 

1 

1 

juA 

V CE =100V, v BE = o 

1 

1 

mA 

•CEV Collector Cutoff Current 

V C E = 60 V, V B e = -2V, T C =150°C 

500 

500 

juA 

I EB q Emitter Cutoff Current 

Veb = 5V, l C = 0 

1 

1 

juA 

VEB ” 6 V, lc = 0 

1 

1 

mA 

Static Forward Current 

h EE 

T ransfer Ratio 

Vce = 5 V, lC = 50 mA 

See Notes 

6 and 7 

20 

50 


v CE = 5V, l C = 1 A 

30 90 

70 200 

V ce = 5V, l C = 2 A 

15 

30 

Vce = 5V > ic = 3a 

5 

15 

VcE = 5 V, l C =1A, Tc = -55°C 

15 

35 

V BE Base-Emitter Voltage 

l B = 100 mA, 1 c = 1 A 

See Notes 

6 and 7 

1.2 

1.2 

V 

l B = 200 mA, lc = 2A 

1.5 

1.5 

V C E = 5V, l C = 2A 

1.5 

1.5 

V C E = 5 V, l C = 3A 

3 

3 

Collector-Emitter 
v CE(sat) Saturation Voltage 

l B = 100 mA, lc=1A 

See Notes 

6 and 7 

0.46 

0.46 

V 

l B = 200 mA, l C =2 A 

0.85 

0.85 

l B = 600 mA, lc = 3A 

5 

5 

Small-Signal 

Common-Emitter 

life 

Forward Current 

Transfer Ratio 

V C E=5V, l C “ 0.1 A, f = 1 kHz 

20 

50 


Small-Signal 

Common-Emitter 

hf e 

Forward Current 

Transfer Ratio 

V C e= 5V, l C = 0.2 A, f = 20 MHz 

2.5 

3 


Common-Base 
^obo Open-Circuit 

Output Capacitance 

V CB = 10V, l E = 0, f = 1 MHz 

70 

70 

pF 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle <1%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 

* JEDEC registered data 

thermal characteristics 




2N4998 

2N5148 



PARAMETER 

2N5000 

MAX 

2N5150 

MAX 

UNIT 

R 0JC 

Junction-to-Case Thermal Resistance 

5 

25 

° C* /\ A/ 

r 0JA 

Junction-to-Free-Air Thermal Resistance 

87.5 

175 

u/vv 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* 

ALL TYPES 

UNIT 

TYP 

t on Turn-On Time 

Ic = 2A, l B ( 1) ~ 200 mA, l B (2) = -200 mA, 

V B E(off) ^ — 3 -7 V, Rl= 15£2, See Figure 1 

0.1 

jus 

t Q ff Turn-Off Time 

1.1 


tVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
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TYPES 2N4998, 2N5000, 2N5148, 2N5150 
N-P-N SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 




VOLTAGE WAVEFORMS 

A. V gen is a — 30-V pulse (from 0 V) into a 50-£2 termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 15 ns, tf < 15 ns, Z out = 50 £ 1 , t w = 20 jus, 
duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, Rj n > 10 Mfi, Cj n < 1 1.5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 

FIGURE 1 


TYPICAL CHARACTERISTICS 


2N4998. 2N5148 

STATIC FORWARD CURRENT TRANSFER RATIO 
COLLECTOR CURRENT 

r i nn i 


2N5000, 2N5150 

STATIC FORWARD CURRENT TRANSFER RATIO 


V CE = 5 V 
T C = 25° C 

h See Notes 6 and 7 “ 


i 40 

& 20 




*? 



0.04 0.1 0.2 0.4 1 

Ij;— Collector Current— A 

FIGURE 2 


0.04 0.1 0.2 0.4 1 

IC~ Collector Current— A 

FIGURE 3 


BASE-EMITTER VOLTAGE 
COLLECTOR CURRENT 


COLLECTOR-EMITTER SATURATION VOLTAGE 


COMMON-BASE OPEN-CIRCUIT 
OUTPUT CAPACITANCE 


-—r-rrTTT 

_ — = 10 
'b 

m — 
















See 

Nc 

>tc 

s 6 and 7 
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0.04 0.1 0.2 0.4 1 

1C— Collector Current-A 

FIGURE 4 



0.04 0.1 0.2 0.4 1 

1C— Collector Current— A 


FIGURE 5 


Vcb — C ollector-Base Voltage— V 

FIGURE 6 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 1%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 
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TYPES 2N4998, 2N5000, 2N5148, 2N5150 
N-P-N SILICON POWER TRANSISTORS 


MAXIMUM COLLECTOR CURRENT 

VS 


MAXIMUM SAFE OPERATING AREAS 

MAXIMUM COLLECTOR CURRENT 



< 

I 


o 

0 

1 

O 

E 

3 

E 


I 

o 



1 


7 10 20 


40 70 100 


0.4 0.7 1 


7 10 


L— Unclamped Inductive Load 

FIGURE 8 


20 

-mH 


40 


VcE~ ' Collector-Emitter Voltage-V 

FIGURE 7 

8. Above these points the safe operating areas have not been defined. 

9. These curves are based on the capability of the transistors to operate safely in the unclamped inductive load circuit of Section 3.2 


of the forthcoming JEDEC publication Suggested Standards on Power Transistors. * R B bi : 
R l = 0.1 SI. Energy « l c ?L/2. 

^This circuit appears on page 5-1 of this data book. 


IO'VbBI^O V BB1“ 10V * 


THERMAL CHARACTERISTICS 

2N4998, 2N5000 

DISSIPATION DERATING CURVE 


2N5148, 2N5150 

DISSIPATION DERATING CURVE 





o 

E 

3 

E 

x 

<o 

I 

£ 



25 50 75 100 125 150 175 200 

T c— Case T emperature— ° C 

FIGURE 9 


T c— Case T emperature— °C 

Pimm? in 
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TYPES 2N4999, 2N5001, 2N5147, 2N5149 
P-N-P SILICON POWER TRANSISTORS 


HIGH-FREQUENCY POWER TRANSISTORS WITH 
COMPUTER-DESIGNED ISOTHERMAL GEOMETRY 

• For Complementary Use With 2N4998, 2N5000, 2N5148, and 2N5150 

• 6 mJ Reverse Energy Rating with Iq = 5 A and 4 V Reverse Bias 



absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


2N4999 2N5147 

2N5001 2N5149 

Co I lector- Base Voltage * 100 V* ► 

Col lector- Emitter Voltage (See Note 1) * 80 V* ► 

Emitter-Base Voltage + 5.5 v* ► 

Continuous Collector Current —2 A* —2 A* 

Peak Collector Current (See Note 2) —5 A* —5 A* 

Continuous Base Current —1 A* —1 A* 

Safe Operating Areas See Figures 7* and 8 

Continuous Device Dissipation at 50°C Case Temperature (See Note 3) 30 W* 6 W* 

Continuous Device Dissipation at 100°C Case Temperature (See Note 3) 20 W 4 W 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 2 W 1 W* 

Unclamped Inductive Load Energy (See Note 5) 6 mJ ► 

Operating Collector Junction Temperature Range — 65°C to 200°C* 

Storage Temperature Range — 65°C to 200°C* 

Lead or Terminal Temperature 1/8 Inch from Case for 60 Seconds + 300°C* *. 


NOTES: 


1 . This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t w < 8.3 ms, duty cycle <a1 %. 

3. For operation above (or below) 50 C case temperature, refer to Dissipation Derating Curves Figures 9 and 10. 

4. Derate linearly to 200°C free-air temperature at the rate of 11.4 mW/°C for 2N4999 and 2N5001, 5.7 mW/°C for 2N5147 and 
2N5149. 


5. This rating is based on the capability of the transistors to operate safely in the unclamped inductive load circuit of Section 3.2 of 
the forthcoming JEDEC publication Suggested Standards on Power Transistors t. L = o.48mH, R BB1 =20n, R BB2 = 100to, 
V B ei - 10 V, V BB2 = 4 V, R l = 0.1 SI, V cc - 10 V, l CM = 5 A. Energy « lc^L/2. 

* JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 

^ This circuit appears on page 5-1 of this data book. 
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TYPES 2N4999, 2N5001, 2N5147. 2N5I49 
P-N-P SILICON POWER TRANSISTORS 


^electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N4999 

2N5147 

2N5001 

2N5149 

UNIT 

MIN MAX 

MIN MAX 

Collector-Emitter 
(BR)CEO 0 rea | <c | own Voltage 

lc = — 100 mA, 1 b = 0, See Note 6 

-80 

-80 

V 

•CEO Collector Cutoff Current 

V C E ~ —40 V, l B = 0 

-50 

-50 

mA 

*CES Collector Cutoff Current 

Vce = ~60V, V be = 0 

-1 

-1 

mA 

V C E = -100V, V BE = 0 

-1 

-1 

mA 

*CEV Collector Cutoff Current 

V C E = “60 V, V BE = 2 V, Tc = 1 50°C 

-500 

-500 

MA 

l E BO Emitter Cutoff Current 

V EB = —4 V, l C = 0 

-1 

-1 

juA 

V EB = —5.5 V, l C = 0 

-1 

-1 

mA 

Static Forward Current 

hpE 

Transfer Ratio 

V C e = -5V, l C = -50mA 

See Notes 

6 and 7 

20 

50 


V C e = -5V, l C = -1A 

30 90 

70 200 

V CE = -5V, l C = -2A 

15 

30 

V CE = —5 V, l C = —3 A 

5 

15 

V CE = -5V, l C - —1 A, Tc = -55°C 

15 

35 

VbE Base-Emitter Voltage 

l B = -100 mA, l C = — 1 A 

See Notes 

6 and 7 

- 1.2 

- 1.2 

V 

l B = -200 mA, l C = —2 A 

-1.5 

-1.5 

V CE = -5V, l C ~ —2 A 

-1.5 

-1.5 

V CE = -5V, l C = -3A 

-3 

-3 

Collector-Emitter 

CE(sat) Saturation Voltage 

l B = -100 mA, 1 C - — T A 

See Notes 

6 and 7 

-0.46 

-0.46 

V 

l B = -200 mA, l C = -2A 

-0.85 

0.85 

l B = -600 mA, lc = -3A 

-5 

-5 

Small-Signal 

Common-Emitter 

hf e 

Forward Current 

Transfer Ratio 

V CE = -5V, l C = -0.1A, f = 1 kHz 

20 

50 


Small-Signal 

1 - Common-Emitter 

' e l Forward Current 

Transfer Ratio 

V C e = -5V, | c = —0.2 A, f = 20 MHz 

2.5 

3 


Common-Base 

^obo Open-Circuit 

Output Capacitance 

V C b = -10V, l E =0, f = 1 MHz 

120 

120 

! 

pF 


NOTES: 6. This parameter must be measured using pulse techniques: t w = 300 ms, duty cycle <1%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 

*JEDEC registered data 

thermal characteristics 


PARAMETER 

2N4999 

2N5001 

2N5147 

2N5149 

UNIT 

MAX 

MAX 

RflJC Junction-to-Case Thermal Resistance 

5 

25 

°c/w 

F*0JA Junction-to-Free-Air Thermal Resistance 

87.5 

175 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

ALL TYPES 

UNIT 

TYP 

ton 

Turn-On Time 

IC = ~ 2 A, 

lB(l) = — 200 mA, l B ( 2 ) = 200 mA, 

0.2 

jus 

toff 

Turn-Off Time 

VBE(off) = 3.7 V, 

Rl= 15S7, See Figure 1 

0.4 


t Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


1171 

5-186 Texas Instruments 

INCORPORATED 


POST OFFICE BOX 5012 


DALLAS, TEXAS 75222 






TYPES 2N4999, 2N5001, 2N5147, 2N5149 
P-N-P SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 




VOLTAGE WAVEFORMS 

A. Vg en is a 30-V pulse (from 0 V) into a 50 -SI termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 15 ns, tf < 1 5 ns, Z out = 50 SI, t w = 20 ps, duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 1 5 ns, Rj n >10 Mfi, Cj n < 1 1 .5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 

FIGURE 1 


TYPICAL CHARACTERISTICS 


2N4999, 2N5147 

STATIC FORWARD CURRENT TRANSFER RATIO 


2N5001, 2N5149 

STATIC FORWARD CURRENT TRANSFER RATIO 



BASE-EMITTER VOLTAGE 
vs 

COLLECTOR CURRENT 



-0.04 -0.1 -0.4 -1 

1C— Collector Current-A 

FIGURE 2 


8 

S 



-0.01 -0.04 -0.1 -0.4 -1 

Iq— C ollector Current— A 

FIGURE 5 



COLLECTOR-EMITTER SATURATION VOLTAGE 


-0.04 -0.1 -0.4 -1 -4 

IC~ Collector Current— A 

FIGURE 3 

COMMON-BASE OPEN-CIRCUIT OUTPUT CAPACITANCE 



-2 -4 -7 -10 -20 -40 

VCB-Collector-Base Voltage-V 

FIGURE 6 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 |Us, duty cycle <1%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 
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TYPES 2N4999, 2N5001, 2N5147, 2N5149 
P-N-P SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 


MAXIMUM COLLECTOR CURRENT 


VS 



-1 -2 -4 -10 -20 -40 -100 

VcE“Collector-Emitter Voltage— V 

FIGURE 7 


MAXIMUM COLLECTOR CURRENT 
vs 



0.4 0.7 1 2 4 7 10 20 40 

L— Unclamped Inductive Load— mH 

FIGURE 8 


NOTES: 8. Above these points the safe operating areas have not been defined. 

9. These curves are based on the capability of the transistors to operate safely in the unclamped inductive load circuit of Section 3.2 
of the forthcoming JEDEC publication Suggested Standards on Power Transistors 'J R BB1 = 10*V BB1 /I C , V BB1 = 10V, 
R|_ = 0.1 O. Energy « Iq 2 L/2. 

^This circuit appears on page 5-1 of this data book. 


THERMAL CHARACTERISTICS 


2 N 4999, 2N5001 



0 25 50 75 100 125 150 175 200 

T c~ Case T emperature — 0 C 


8 

Q 


o 

E 

3 

E 


I 

£ 


2N5147, 2N5149 



0 25 50 75 100 125 150 175 200 


Tc— Case Temperature— °C 


FIGURE 9 


FIGURE 10 


PRINTED IN U.S A. 

* Tl cannot assume any responsibility for any circuits shown 
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TYPES 2N5002, 2N5004, 2N5152, 2N5154 
N-P-N SILICON POWER TRANSISTORS 

HIGH-FREQUENCY POWER TRANSISTORS WITH 
COMPUTER-DESIGNED ISOTHERMAL GEOMETRY 

• For Complementary Use with 2N5003, 2N5005, 2N5151, and 2N5153 

• 15 mJ Reverse Energy Rating with lc = 10 A and 4 V Reverse Bias 



5 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


2N5002 2N5152 

2N5004 2N5154 

Collector-Base Voltage 100 V* ► 

Collector-Emitter Voltage (See Note 1) 80 V* ► 

Emitter-Base Voltage + 6 V* 

Continuous Collector Current 5 A* 2 A* 

Peak Collector Current (See Note 2) 10A* 10A 

Continuous Base Current 2 A* 1 A* 

Safe Operating Areas See Figures 7* and 8 

Continuous Device Dissipation at 50° C Case Temperature (See Note 3) 50 W* 10 W* 

Continuous Device Dissipation at 100°C Case Temperature (See Note 3) 33.3 W 6.7 W 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 1 W* 

Unclamped Inductive Load Energy (See Note 5) 15 mJ ► 

Operating Collector Junction Temperature Range — 65°C to 200°C* 

Storage Temperature Range — 65° C to 200° C* 

Lead or Terminal Temperature 1/8 Inch from Case for 60 Seconds + 300°C* ► 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. This valufe applies for t w < 8.3 ms, duty cycle <1%. 

3. For operation above (or below) 50°C case temperature, refer to Dissipation Derating Curves, Figure 9 and 10. 

4. Derate linearly to 200°C free-air temperature at the rate of 5.7 mW/°C. 

5. This rating is based on the capability of the transistors to operate safely in the unclamped inductive load circuit of Section 3.2 of 
the forthcoming JEDEC publication Suggested Standards on Power Transistors t. L = 0.3 mH, Rbbi = 10 ft, RbB 2 = 100 ft, 
V B B 1 = 10 v, V B B 2 = 4 V, R l = 0.1 ft, v c c = 10 V, Icm = 10 A - Energy « l c 2 L/2. 

JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 

I^This circuit appears on page 5-1 of this data book. 
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TYPES 2N5002, 2N5004, 2N5152, 2N5154 
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TYPES 2N5002, 2N5004, 2N5152, 2N5154 
N-P-N SILICON POWER TRANSISTORS 


^electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N5002 

2N5152 

2N5004 

2N5154 

UNIT 

MIN MAX 

MIN MAX 

Collector-Emitter 
(BR)CEO Breakdown voltage 

Iq= 100 mA, l B = 0, See Note 6 

80 

80 

V 

IqE 0 Collector Cutoff Current 

V C e = 40V, l B = 0 

50 

50 

ea 

1 qes Col lector Cutoff Current 

V CE = 60 V, V BE = 0 

1 

1 

WSM 

V CE = 100 V, V BE = 0 

1 

1 

UQH 

ICEV Collector Cutoff Current 

V CE = 60 V, V BE = -2 V, T C = 150°C 

500 

500 

MM 

*EBO Emitter Cutoff Current 

V eb = 5V, Ic = 0 

1 

1 

B 

VEB = 6V f I C = 0 

1 

1 


Static Forward Current 

hpE 

Transfer Ratio 

VcE = 5 V, 1 l C = 50mA 

See 

Notes 

6 and 7 

20 

50 


V C e = 5V, l C = 2.5 A 



V C e = 5V, l c = 5 A 

20 

40 

V CE = 5V, l C = 2.5 A, T C - — 55°C 

15 

35 

V BE Base-Emitter Voltage 

l B = 250 mA, l C = 2.5 A 

See 

Notes 

6 and 7 

1.45 

1.45 


l B = 500 mA, l C = 5 A 

2.2 

2.2 

Vce = 5V, l c = 2.5 A 

1.45 

1.45 

Collector-Emitter 

CEIsat) saturation Voltage 

l B = 250 mA, l C = 2.5 A 

See Notes 

6 and 7 

0.75 

0.75 


l B = 500 mA, Iq = 5 A 

1.5 

1.5 

Small-Signal 

Common-E mitter 

Forward Current 

Transfer Ratio 

Vqe = 5 V, 1 C = 0.1 A, f = 1 kHz 

20 

50 


Small-Signal 

. . Common-Emitter 

Forward Current 

Transfer Ratio 

V C e = 5V, l c = 0.5 A, f = 20 MHz 

3 

3.5 


Common-Base 

c obo Open-Circuit 

Output Capacitance 

V CB = 10V, l B = 0, f = 1 MHz 

250 

250 

pF 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle <1%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 
0.125 inch from the device body. 

*JEDEC registered data 


thermal characteristics 




2N5002 

2N5152 



PARAMETER 

2N5004 

MAX 

2N5154 

MAX 

UNIT 

R 0JC 

Junction-to-Case Thermal Resistance 

3 

15 

°c/w 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* 

All TYPES 

UNIT 

TYP 

t on Turn-On Time 

Iq = 5A, l B (1) = 500 mA, l B (2) = — 500 mA, 

VBE(off) = — 3.7 V, Rj_ = 6 £1, See Figure 1 

0.5 

jus 

t Q f f Turn-0 ff Time 

1.3 


^Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
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TYPES 2N5002, 2N5004, 2N5152, 2N5154 
N-P-N SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 




VOLTAGE WAVEFORMS 


NOTES: A. V gen is a —30 V pulse (from 0 V) into a 50 termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 15 ns, tf < 15 ns, Z out = 50 £2, t w = 20 jus, duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, R m 5 s 10 MJ2, Cj n <11.5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 

FIGURE 1 


TYPICAL CHARACTERISTICS 


2N5002, 2N5152 

STATIC FORWARD CURRENT TRANSFER RATIO 


COLLECTOR CURRENT 


2N5004, 2N5154 

STATIC FORWARD CURRENT TRANSFER RATIO 


COLLECTOR CURRENT 




BASE-EMITTER VOLTAGE 
CASE TEMPERATURE 


COLLECTOR-EMITTER SATURATION VOLTAGE 
CASE TEMPERATURE 


FIGURE 3 

COMMON-BASE OPEN-CIRCUIT OUTPUT CAPACITANCE 
COLLECTOR-BASE VOLTAGE 




-75 -50 -25 0 25 50 75 100 125 150 175 


Tc— Case Temperature— C 

FIGURE 5 



VcB-Collector-Base Voltage— V 

FIGURE 6 


6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 1%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 
0.125 inch from the device body. 
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TYPES 2N5002, 2N5004, 2N5152. 2N5154 
N-P-N SILICON POWER TRANSISTORS 


5 


MAXIMUM SAFE OPERATING AREAS 


MAXIMUM COLLECTOR CURRENT 


vs 



4 7 10 20 40 70 100 


MAXIMUM COLLECTOR CURRENT 


vs 



0.1 0.2 0.4 0.7 1 2 4 7 10 


VCE~ 1 Collector-Emitter Voltage— V L— Unclamped Inductive Load— mH 

FIGURE 7 FIGURE 8 

NOTES: 8. Above these points the safe operating areas have not been defined. 

9. These curves are based on the capability of the transistors to operate safely in the unclamped inductive load circuit of Section 3.2 
of the forthcoming JEDEC publication Suggested Standards on Power Transistors . + R BB i = 10*V BB1 /I C , V BB1 = 10V, 
R|_ = 0.1 SI. Energy » l c 2 L/2. 


"'"This circuit appears on page 5-1 of this data book. 

_ thermal characteristics 


2N5002, 2N5004 

DISSIPATION DERATING CURVE 


2N5152, 2N5154 

DISSIPATION DERATING CURVE 
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TYPES 2N5003, 2N5005, 2N5151, 2N5153 
P-N-P SILICON POWER TRANSISTORS 



HIGH-FREQUENCY POWER TRANSISTORS WITH 
COMPUTER-DESIGNED ISOTHERMAL GEOMETRY 

• For Complementary Use With 2N5002, 2N5004, 2N5152, 2N5154 

• 15 mJ Reverse Energy Rating with lc = 10 A and 4 V Reverse Bias 



absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


2N5003 2N5151 

2N5005 2N5153 

Collector-Base Voltage 100 V* ► 

Collector-Emitter Voltage (See Note 1) + 80 V* ► 

Emitter-Base Voltage + 5.5 V* ► 

Continuous Collector Current —5 A* —5 A* 

Peak Collector Current (See Note 2) —10 A* —10 A 

Continuous Base Current —2 A* —2.5 A* 

Safe Operating Areas See Figures 7* and 8 

Continuous Device Dissipation at 50°C Case Temperature (See Note 3) 50 W* 10 W* 

Continuous Device Dissipation at 100°C Case Temperature (See Note 3) 33.3 W 6.7 W 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 1 W* 

Unclamped Inductive Load Energy (See Note 5) 15 mJ ► 

Operating Collector Junction Temperature Range — 65°C to 200°C* 

Storage Temperature Range -65° C to 200° C* 

Lead or Terminal Temperature 1/8 Inch from Case for 60 Seconds ^ 300°C* ► 


5 


NOTES: 1 . This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t w < 8.3 ms, duty cycle <1%. 

3. For operation above (or below) 50° C case temperature, refer to Dissipation Derating Curves, Figures 9 and 10. 

4. Derate linearly to 200°C free-air temperature at the rate of 5.7 mW/°C. 

5. This rating is based on the capability of the transistors to operate safely in the unclamped inductive load circuit of Section 3.2 of 
the forthcoming JEDEC publication Suggested Standards on Power Transistors t. L = 0.3mH, Rbbi * 10 R BB2 = 10012, 
V BB1 - 10 V, V BB2 = 4 v, R l = 0.1 n, V cc = 10 V, l CM = 10 A. Energy » l c 2 L/2. 

*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 

*This circuit appears on page 5-1 of this data book. 
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TYPES 2N5003, 2N5005, 2N5151, 2N5153 
P-N-P SILICON POWER TRANSISTORS 


^electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N5003 

2N5151 

2N5005 

2N5153 

UNIT 

MIN MAX 

MIN MAX 

Collector-Emitter 
v (BR)CEO Breakdown voltage 

lc = -100 mA, Ib = 0, See Note 6 

-80 

-80 

V 

*CEO Collector Cutoff Current 

V CE = -40 V, l B = 0 

-50 

-50 

mA 

<CES Collector Cutoff Current 

V CE = -60V, V be = 0 

-1 

-1 

juA 

V C e = -100 V, V BE =0 

-1 

-1 

mA 

ICEV Collector Cutoff Current 

Vce = -60 V, V BE = 2 V, T C = 1 50°C 

-500 

-500 

M A 

1 EBO Emitter Cutoff Current 

Veb = -4V, l C = 0 

-1 

-1 

juA 

V E b = —5.5 V, l C = 0 

-1 

-1 

mA 

Static Forward Current 

hpE 

Transfer Ratio 

Vce = -5 v, l C = -50 mA 

See Notes 

6 and 7 

20 

50 


V C e = -5V v l C = —2.5 A 

30 90 

70 200 

V CE = -5V, / l C = —5 A 

20 

40 

V C E = —5 V, l C = -2.5 A, T c = — 55°C 

15 

35 

Vbe Base-Emitter Voltage 

l B = -250 mA, lc = —2.5 A 

See Notes 

6 and 7 

-1.45 

-1.45 

V 

1 b = —500 mA, lc = — 5 A 

-2.2 

-2.2 

Vce = -5 V, lc = -2.5 A 

-1.45 

-1.45 

Collector-Emitter 

CE(sat) Saturation Voltage 

l B = -250 mA, lc = —2.5 A 

See Notes 

6 and 7 

-0.75 

-0.75 

V 

l B = — 500 mA, lc = — 5 A 

-1.5 

-1.5 

Small-Signal 

Common-Emitter 

h|g 

Forward Current 

Transfer Ratio 

V CE = -5V, l C = -0.1A, f = 1 kHz 

20 

50 


Small-Signal 

■ , Common-Emitter 

e ' Forward Current 

Transfer Ratio 

V CE = —5 V, lc = —0.5 A, f = 20 MHz 

3 

3.5 


Common-Base 

Cobo Open-Circuit 

Output Capacitance 

Vcb = -10V, l E =0, f = 1 MHz 

250 

250 

pF 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 1%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 

*JEDEC registered data 


thermal characteristics 


PARAMETER 

2N5003 

2N5005 

2N5151 

2N5153 

UNIT 

MAX 

MAX 

R#jC Junction-to-Case Thermal Resistance 

3 

15 

°c/w 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* 

ALL TYPES 

UNIT 

TYP 

t on Turn-On Time 

lc = — 5 A, 1 b( 1 ) = — 500 mA, lB(2) = 600 mA, 

Vbe (off) = 3.7 V, R e - 6 12, See Figure 1 

0.5 

jus 

toff Turn-Off Time 

1.3 


* Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
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TYPES 2N5003, 2N5005. 2N5151, 2N5153 
P-N-P SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 




VOLTAGE WAVEFORMS 

NOTES: A. V gen is a 30-V pulse (from O V) into a 50-£2 termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 1 5 ns, tf < 1 5 ns, Z out = 50 fi, t w = 20 ju s, 
duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, R-, n >10 Mfi, C- m < 11.5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 

FIGURE 1 

TYPICAL CHARACTERISTICS 


COLLECTOR CURRENT 


COLLECTOR CURRENT 




-75 -50 -25 0 25 50 75 100 125 150 175 

T c— Case Temperature-*-°C 

FIGURE 4 
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1C— Collector Current— A 



-0.4 


-1 


-10 


COLLECTOR-EMITTER SATURATION VOLTAGE 
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I q — Collector Current-A 

FIGURE 3 
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FIGURE 5 


V CB — Collector-Base Voltage— V 

FIGURE 6 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle <1%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 
0.125 inch from the device body. 
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TYPES 2N50Q3, 2N5005, 2N5151, 2N5153 
P-N-P SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 


MAXIMUM COLLECTOR CURRENT 


VS 



-4 -7 -10 -20 -40 - 70-100 


MAXIMUM COLLECTOR CURRENT 


vs 



0.1 0.2 0.4 0.7 1 2 4 7 10 


VcE - 1 Collector-Emitter Voltage— V L— Unclamped Inductive Load— mH 

FIGURE 7 FIGURE 8 

NOTES: 8. Above these points the safe operating areas have not been defined. 

9. These curves are based on the capability of the transistors to operate safely in the unclamped inductive load circuit of Section 3.2 
of the forthcoming JEDEC publication Suggested Standards on Power Transistors. t R B bi = 10‘V B g-|/t c , V BB i = 10V, 
R|_ = 0.1 fi. Energy » |q2|_/2. 


*This circuit appears on page 5-1 of this data book. 


THERMAL INFORMATION 


2N5003, 2N5005 2N5151, 2N5153 

DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 




0 25 50 75 100 125 150 175 200 0 25 50 75 100 125 150 175 200 


Tq— C ase Temperature— °C 


T Q— Case T emperature— °C 


FIGURE 9 


FIGURE 10 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 









TYPES 2N5038, 2N5039 
N-P-N SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED SWITCHING APPLICATIONS 


Min V(BR)CEO of 90 V (2N5038) 

Min fj of 60 MHz at 10 V, 2 A 

20-A Rated Continuous Collector Current 


"mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 



absolute maximum ratings at 25° C case temperature (unless otherwise noted) 


*Collector-Emitter Voltage (Vg£ = —1.5 V, See Note 1) 

Collector-Emitter Voltage (Base Open, See Note 1) 

*Emitter-Base Voltage 

^Continuous Collector Current 

*Peak Collector Current (See Note 2) 

Continuous Base Current 

^Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) 
*Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 

^Operating Collector Junction Temperature Range 

^Storage Temperature Range 

Terminal Temperature 1/32 Inch from Case for 10 Seconds 


2N5038 2N5039 
150 V 120 V 
90 V 75 V 
7 V 7 V 

20 A ► 

<« 30 A ► 

5 A ► 

140 W ► 

80 W ► 

5 W 

— 65°C to 200°C 
— 65°C to 200° C 
- — 230°C ► 


NOTES: 1. These values apply only when the collector-emitter voltage is applied with the transistor in the off-state with the base-emitter 
diode reverse-biased or open-circuited, as specified. 

2. This value applies for t w < 10 ms, duty cycle < 50%. 

3. Derate linearly to 200° C case temperature at the rate of 0.8 W/° C . 

4. Derate linearly to 200°C free-air temperature at the rate of 28.6 mW/° C. 

* JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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TYPES 2N5038, 2N5039 

BULLETIN NO. DL-S 7111501, JUNE 1971 




TYPES 2N5038, 2N5039 

N-P-N SILICON POWER TRANSISTORS 



"electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N5038 

2N5039 

UNIT 

MIN MAX 

MIN MAX 

V( B r)ceo Collector-Emitter Breakdown Voltage 

Iq= 200 mA, l B = 0, See Note 5 

90 

75 

V 

•CEV Collector Cutoff Current 

Vqe * 140 V, V BE = -1.5 V 

50 


mA 

V CE = 110 V, V BE = -1.5 V 


50 

V CE = 85V. V BE = —1.5 V, T C = 1 50° C 


10 

V C E = 100 V, V B6 = —1.5 V, T C = 150° C 

10 


^BO Emitter Cutoff Current 

V EB = 5V, I C = 0 

5 

15 

mA 

V EB = 7 V, l c = 0 

50 

50 

hpE Static Forward Current Transfer Ratio 

VCE = ^ V, Iq= 10A, See Notes 5 and 6 


20 100 


Vqe = 5 V, Iq = 12 A, See Notes 5 and 6 

20 100 


V BB Base-Emitter Voltage 

l B = 5 A, Iq= 20A, See Notes 5 and 6 

3.3 

3.3 

V 

v CE(sat) Collector-Emitter Saturation Voltage 

l B = 5A, Iq= 20A, See Notes 5 and 6 

2.5 

2.5 

V 

■ . Small-Signal Common-Emitter 

e Forward Current Transfer Ratio 

V CE =10V, lc=2A, f = 5 MHz 

12 

12 



NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


"switching characteristics at 25° C case temperature 


PARAMETER [ 

tr 

Rise Time 

ts 

Storage Time 

tf 

Fall Time 

ton 

Turn-On Time 

toff 

Turn-Off Time 


TEST CONDITIONS* 


MAX UNIT 


2N5038 

•C = 12 A, l B(1) = 1.2A, l B (2) = -1.2A, 

v BE(off) = —6.3 V, R[_ = 2.512, See Figure 1 

2N5039 

l c - 10 A, l B (1) = 1A, | B(2) =-1A, 

V B E(off) = — 1 6-3 V, Rj_ = 3 12, See Figure 1 


0.5 


1.5 


0.5 


0.5 


t Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
*JEDEC registered data 


5612 


(U) V 3 


1N914 


PARAMETER MEASUREMENT INFORMATION 

INPUT 
MONITOR 


1N914 


1N914 




1N914 


270 pF 


c 


OUTPUT 

MONITOR 


r B B 1 


2N5385 


3012 < 




TUT 


r BB2 | 


v BB2 = i' 
6.3V -T* 


V BB1 «27 V 
ADJUST FOR | - 
V on = 25 V AT 
INPUT MONITOR 

TEST CIRCUIT 


ImF 




r l 


Von = 25 V 
INPUT ov 

-6.3 V , 

-H t 0 n 



U-toff-J 


OUTPUT 


%! — 

90 %*= a / 


-=r V C C = 30 V 


90%+= 

VOLTAGE WAVEFORMS 

CIRCUIT CONDITIONS 


ic 

Rl 

Rbbi 

r BB2 

10 A 

312 

12 12 

7.32 0 

12 A 

2.5 12 

1012 

6a 


NOTES: 


A. Vgen is a — 30-V pulse (from O V) into a 50-12 termination. 

B. The Vgen waveform is supplied by a generator with the following characteristics: tr < 15 ns, tf < 15 ns, Zout = 50 12, tw = 20 jus, 
duty cycle < 2%. 

C. Waveforms are mounitored on an oscillioscope with the following characteristics: tr < 15 ns, Rjn > 10 M12, Cjn < 11.5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 


FIGURE 1 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 






TYPES 2N5067, 2N5068, 2N5069 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N4901 THRU 2N4903 

• 87.5 W at 25° C Case Temperature 

• 5-A Rated Collector Current 


• Min fj of 4 MHz at 10 V f 1 A 

• 62.5 mJ Reverse Energy Rating 


“mechanical data 


ALL JEDEC TO- 3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 




5 


absolute maximum ratings at 25° C case temperature (unless otherwise noted) 

2N5067 2N5068 2N5069 


* Co I lector- Base Voltage 40 V 60 V 80 V 

*Collector-Emitter Voltage (See Note 1 ) 40 V 60 V 80 V 

*Emitter-Base Voltage 5 V 5 V 5 V 

Continuous Collector Current 5 A ► 

Peak Collector Current (See Note 2) 15 A ► 

Continuous Base Current <+ 1 A ► 

Safe Operating Areas at (or below) 25° C Case Temperature See Figures 6 and 7-^ 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) . . 87.5 W ► 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) ^ 4 W ► 

Unclamped Inductive Load Energy (See Note 5) + 62.5 mJ ► 

Cperating Collector Junction Temperature Range + 65°C to 200°C -+■ 

^Storage Temperature Range -+ 65°C to 200°C— ► 

^Terminal Temperature 1/16 Inch from Case for 10 Seconds 235°C ► 

NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 1 0%. 


3. Derate linearly to 200°C case temperature at the rate of 0.5 W/°C or refer to Dissipation Derating Curve, Figure 8. 

4. Derate linearly to 200°C free-air temperature at the rate of 22.9 mW/°C or refer to Dissipation Derating Curve, Figure 9. 

5. This rating is based on the capability of the transistors to operate safely in the circuit of Figure 5. L = 20 mH, RbB 2 = 100 fi, 
V BB2 ~ 0 V, R s = 0.1 £2, V cc = 10 V. Energy « Iq 2 L/2. 

* JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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TYPES 2N5067, 2N5068, 2N5069 
BULLETIN NO. DL-S 7211663, JANUARY 1972 



TYPES 2N5067, 2N5068. 2N5069 

N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


“electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N5067 

2N5068 

2N5069 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

v (BR)CEO 

Collector-Emitter 

Breakdown Voltage 

Iq = 200 mA, 

l E = 0, See Note 6 

40 

60 

80 

V 



V CE = 40 V, 

o 

ii 

CO 

1 




•CEO 

Collector Cutoff Current 

V CE = 60 V, 

i B = o 


1 


mA 



V CE = 80 V, 

03 

II 

O 



1 




Vq E = 40 V, 

V BE = -1.5 V 

1 






V CE = 60 V, 

V BE = -1.5 V 


1 



•CEV 


V CE = 80 V, 

V BE = — 1.5 V 



1 

mA 

v-rOMeClOi LUIGI 1 LUI iclil 

V CE = 40 V, 

V BE = —1.5 V, T C = 150°C 

2 





V CE = 60 V, 

V BE = -1.5V, Tq = 150°C 


2 





V CE = 80 V, 

V BE = —1 .5 V, T C = 1 50° C 



2 


'EBO 

Emitter Cutoff Current 

V EB =5V, 

|Q=0 

1 

1 

1 

mA 

h F E 

Static Forward Current 

V CE = 2 V, 

1C = 1 A, See Notes 6 and 7 

20 

80 

20 

80 

20 

80 


Transfer Ratio 

V CE = 2 V, 

Iq = 5 A, See Notes 6 and 7 

7 

7 

7 


V BE 

Base-Emitter Voltage 

V CE = 2 V, 

Iq = 1 A, See Notes 6 and 7 

1.2 

1.2 

1.2 

V 

v CE(sat) 

Collector-Emitter 

l B = 0.1 A, 

Iq = 1 A, See Notes 6 and 7 

0.4 

0.4 

0.4 


Saturation Voltage 

CD 

II 

> 

Iq = 5 A, See Notes 6 and 7 

1.5 

1.5 

1.5 

V 

hfe 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

Vq E = 10 V, 

l c = 0.5 A, f = 1 kHz 

20 

20 

20 


M 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V C E = 10 V, 

Iq = 1 A, f = 1 MHz 

4 

4 

4 



*JEDEC registered data 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* 

TYP 

UNIT 

ion 

Turn-On Time 

IC= 1 A, 

Ib( 1) = 100 mA, 

1 b( 2) = —100 mA, 

0.5 

JUS 

toff 

Turn-Off Time 

V B E(off) = ~4.3 V, 

R|_ = 30 ft. 

See Figure 4 

2 


^Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 



Iq— C ollector Current— A 

FIGURE 1 


BASE-EMITTER VOLTAGE 



-75 -50 -25 0 25 50 75 100 125 150 

Tc— Case Temperature-°C 

FIGURE 2 


COLLECTOR-EMITTER SATURATION VOLTAGE 



NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 
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TYPES 2N5067, 2N5068, 2N5069 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 




TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: 


A. V gen is a — 30-V pulse (from 0 V) into a 50-12 termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 15 ns, tf<15ns, Z out = 50 12, 
t w = 20 jits, duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 1 5 ns, R j n > 10 M12, Cj n < 1 1 .5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 



FIGURE 4 


INDUCTIVE LOAD SWITCHING 



NOTE: A. Input pulse width is increased until Iqm = 2.5 A. 


FIGURE 5 
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TYPES 2N5067, 2N5068, 2N5069 

N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 



MAXIMUM COLLECTOR CURRENT 


VS 



10 20 40 70 100 


VcE — Collector-Emitter Voltage— V 

FIGURE 6 


MAXIMUM COLLECTOR CURRENT 


vs 



0.4 0.7 1 2 4 7 10 20 40 

L— Unclamped Inductive Load— mH 
FIGURE 7 


NOTE 8: Above this point the safe operating area has not been defined. 

THERMAL INFORMATION 


CASE TEMPERATURE 



0 25 50 75 100 125 150 175 200 


Tc— Case Temperature— °C 
FIGURE8 


£ 

I 


o 

o 


L 

CL. 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



0 25 50 75 100 125 150 175 200 


Ta— Free-Air Temperature— °C 
FIGURE 9 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 






TYPE 2N5157 
N-P-N SILICON POWER TRANSISTOR 


HIGH VOLTAGE, HIGH FORWARD AND REVERSE ENERGY 
DESIGNED FOR INDUSTRIAL AND MILITARY APPLICATIONS 

• 100 W at 75° C Case Temperature 

• 700 V Collector-Emitter Off-State Voltage 

• Min V(BR)CEO °f 400 V 

• Max t 0 ff of 1.7 /is at lc = 1 A 

• Typ VcE(sat) of 0 3 V at lc = 3.5 A 

• Typ fj of 5 MHz at 12 V f 0.2 A 

^mechanical data 



ALL JEDECTO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



DIMENSIONS ARE IN INCHES 




absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

* Collector-Emitter Voltage (VgE = —1-5 V, See Note 1) 700 V 

* Collector-Emitter Voltage (Base Open, See Note 1 ) 500 V 

* Emitter-Base Voltage 6 V 

Continuous Collector Current 3.5 A 

Continuous Base Current 2 A 

Safe Operating Area at (or below) 75° C Case Temperature See Figure 6 

Continuous Device Dissipation at (or below) 75°C Case Temperature (See Note 2) 100 W 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) 4 W 

Unclamped Inductive Load Energy (See Note 4) 180 mJ 

Operating Collector Junction Temperature Range — 65° C to 150°C 

* Storage Temperature Range — 65°Cto200°C 

*Terminal Temperature 1/16 Inch from Case for 10 Seconds 300°C 


NOTES: 1. These values apply only when the collector-emitter voltage is applied with the transistor in the off-state with the base-emitter 
diode reverse-biased or open-circuited, as specified. In operation, the limitations of Figure 6 must be observed. 

2. Derate linearly to 1 50°C case temperature at the rate of 1 .33 W/° C. 

3. Derate linearly to 1 50° C free-air temperature at the rate of 32 mW/° C. 

4. This rating is based on the capability of the transistor to operate safely in the circuit of Figure 2, condition 1. L = 40 mH, 
r BB 2 “ 3 kft, V BB2 = 1 .5 V, R s = 0.1 SI, V cc = 50 V. Energy » lc 2 L/2. 

JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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TYPE 2N5157 

BULLETIN NO. DL-S 7111483, MAY 1971 




TYPE 2N5157 

N-P-N SILICON POWER TRANSISTOR 


^electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

v (BR)CEO 

Collector-Emitter 

Breakdown Voltage 

Iq = 100 mA, 

•b = °» 

See Note 5 


400 

V 

V (BR)CER 

Collector-Emitter 

Breakdown Voltage 

l C M = 3.5 A, 

Rre = io 

See Figure 2 

(Condition 2) 

500 

V 

•CEO 

Collector Cutoff Current 

V CE = 500 V, 

Ib = o 



0.25 

mA 

•CEV 

Collector Cutoff Current 

V CE = 700 V, 

V B e=-1.5V 



0.5 

mA 

V CE = 400 V, 

V BE = -1.5 V, 

T C = 125°C 


0.5 

•ebo 

Emitter Cutoff Current 

V EB = 6 V, 

I C = 0 



5 

mA 


Static Forward Current 

Transfer Ratio 

Vce = 5 V, 

»C= 1 A 



30 


90 


hFE 

V C E = 5 V, 

l C = 2.5 A 


See Notes 5 and 6 

10 



v C E = 5 V, 

IC=1 A, 

T c = -55° C 


10 


V B E 

Base-Emitter Voltage 

l B = 0.7A, 

l C = 3.5 A, 


See Notes 5 and 6 


1.1 

2 

V 

v CE(sat) 

Col lector- Emitter 

l B = 0.1 A, 

IC= 1 A 


See Notes 5 and 6 


0.2 

0.8 

v 

Saturation Voltage 

l B = 0.7 A, 

l C = 3.5 A 



0.3 

2.5 


l h fe| 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

v C e = 12 V, 

IC = 0.2A, 

f = 1 MHz 


2.8 

5 



Co bo 

Common-Base Open-Circuit 

Output Capacitance 

V CB = 20 V, 

l£ = 0, 

f = 1 MHz 



100 

150 

pF 


NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 jits, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 
0.125 inch from the device body. 


thermal characteristics 


PARAMETER 

MAX 

UNIT 

R 0JC Junction- to-Case Thermal Resistance 

0.75 

°c/w 

R 0JA Junction-to-Free-Air Thermal Resistance 

31.25 


*switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS^ 

MAX 

UNIT 

ton 

Turn-On Time 

< 

ii 

o 

l B (1) = 0.1 A, I b (2) = “0.5 A, 

0.8 

MS 

toff 

Turn-Off Time 

VBE(off) = 

— 6 V, R|_=125£2, See Figure 1 

1.7 


^Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
*JEDEC registered data 
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TYPE 2N5157 
N-P-N SILICON POWER TRANSISTOR 


PARAMETER MEASUREMENT INFORMATION 



TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: 


A. V gen is a — 30-V pulse (from 0 V) into a 50-12 termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 1 5 ns, tf < 1 5 ns, Z out = 50 12 t w = 5 /is, 
duty cycle < 5%. 

C. Waveforms are monitored on an ocsilloscope with the following characteristics: t r < 10 ns, Rj n > 1 M12, Cj n <11.5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 


FIGURE 1 


5 


INDUCTIVE LOAD SWITCHING 



CONDITION 

r BB2 

V BB2 

L 

•cm 

t w 

1 

3 k!2 

1.5 V 

40 mH 

3 A 

« 2.4 ms 

2 

10 12 

0 V 

10 mH 

3.5 A 

« 0.7 ms 


TEST CIRCUIT 


VOLTAGE AND CURRENT WAVEFORMS 


NOTE A: Input pulse width is increased until the peak collector current reaches the specified value of Iqm. 

FIGURE 2 
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TYPE 2N5157 

N-P-N SILICON POWER TRANSISTOR 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT 
TRANSFER RATIO 


vs 



0.04 0.07 0.1 0.2 0.4 0.7 1 2 4 


BASE-EMITTER VOLTAGE 

vs 



-75 -50 -25 0 25 50 75 100 125 150 175 


I 

I 


I 

£ 

I 


I 

? 

I 

S 


CO L LE CTO R -E M ITTE R 
SATURATION VOLTAGE 


vs 



-75 -50 -25 0 25 50 75 100 125 150 175 


I c— Collector Current— A 


Tp-Case Temperature-°C 


Tc-Case Temperature- 0 C 


FIGURE 3 


FIGURE 4 


FIGURE 5 


NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 iis, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 
0.125 inch from the device body. 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
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TYPE 2N5241 
N-P-N SILICON POWER TRANSISTOR 


I HIGH VOLTAGE, HIGH FORWARD AND REVERSE ENERGY 

I DESIGNED FOR INDUSTRIAL AND MILITARY APPLICATIONS 

I • 125 W at 62.5° C Case Temperature 

I • 400 V Collector-Emitter Off -State Voltage 

• Min V(BR)CEO of 325 V 

• Max t 0 ff of 1 .7 ns at lc = 2.5 A 

• Typ VcE(sat) of 0.35 V at \q = 5 A 

• Typ fj of 5 MHz at 12 V, 0.2 A 

^mechanical data 



absolute maximum ratings at 25° C case temperature (unless otherwise noted) 


* Collector-Emitter Voltage (See Note 1) 400 V 

"Emitter-Base Voltage 5 V 

"Continuous Collector Current 5 A 

"Continuous Base Current 2 A 

Safe Operating Area at (or below) 1 62.5° C Case Temperature See Figure 6 

"Continuous Device Dissipation at (or below) 62.5°C Case Temperature (See Note 2) 125 W 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) 4 W 

Unclamped Inductive Load Energy (See Note 4) 180 mJ 

"Operating Collector Junction Temperature Range — 65°Cto150°C 

"Storage Temperature Range — 65°Cto200°C 

"Terminal Temperature 1/16 Inch from Case for 10 Seconds 300°C 


NOTES: 1 . This value applies only when the collector-emitter voltage is applied with the transistor in the off -state with the base-emitter diode 
reverse-biased or open-circuited. In operation, the limitations of Figure 6 must be observed. 

2. Derate linearly to 1 50° C case temperature at the rate 1 .43 W/°C. 

3. Derate linearly to 150°C free-air temperature at the rate 32 mW/°C. 

4. This rating is based on the capability of the transistor to operate safely in the circuit of Figure 2. L = 40mH, R BB2 = 3 
V BB2 = 1 -5 V, R s = 0.1 12, V cc = 50 V. Energy « l c 2 L/2. 


*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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TYPE 2N5241 
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TYPE 2N5241 

N-P-N SILICON POWER TRANSISTOR 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

V(br)cEO Collector-Emitter Breakdown Voltage 

Iq = 100 mA, 

i B = o, 

See Note 5 

325 

V 

'CEO 

Collector Cutoff Current 

V CE = 400 V, 

CD 

II 

o 


2.5 

mA 

'CEV 

Collector Cutoff Current 

V CE = 400 V, 

V BE = -1.5 V 


0.5 

mA 

V CE = 400 V, 

V B e = -1.5 V, 

T C = 125°C 

5 

'ebo 

Emitter Cutoff Current 

V EB = 5V, 

ic = o 


2 

mA 

h F E 

Static Forward Current Transfer Ratio 

V C E = 5 V, 

IC = 2.5 A 

See Notes 5 and & 

15 


35 


V C E =5 V, 

IC = 3.5 A 

,0 


V BE 

Base-Emitter Voltage 

l B = 0.5A, 

l C = 2.5 A 

See Notes 5 and 6 


1 

1.5 

v 

l B = 1 A, 

l C = 5A 


1.2 

2 


v CE(sat) 

Collector-Emitter Saturation Voltage 

l B = 0.5 A, 

l C = 2.5 A 

See Notes 5 and 6 


0.25 

0.7 

V 

'B= 1 A, 

l C - 5 A 


0.35 

2.5 


l h fel 

Small-Signal Common-Emitter 

Forward Current T ransfer Ratio 

V CE = 12 V, 

Iq = 0.2 A, 

f = 1 MHz 

2.5 

5 




NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 Ms, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 
0.125 inch from the device body. 


5 


thermal characteristics 


PARAMETER 

MAX 

UNIT 

^0JC Jucntion-to-Case Thermal Resistance 

0.7 

°c/w 

^0JA Junction-to-Free-Air Thermal Resistance 

31.25 


“switching characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONS* 

MAX 

UNIT 

t on Turn-On Time 

l C = 2.5 A, l B ( D = 0.25 A, l B(2 ) = -0.5A, 

V B E(off) = “ 1 6 V, Rj_ = 50£2, See Figure 1 

0.8 

MS 

toff Turn-Off Time 

1.7 


t Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


*JEDEC registered data. 
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TYPE 2N5241 
N-P-N SILICON POWER TRANSISTOR 


PARAMETER MEASUREMENT INFORMATION 



TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: 


A. V gen is a — 30-V pulse (from 0 V) into a 50-12 termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 1 5 ns, tf< 15 ns, Z out = 50 12, t w = 5 jUs, 
duty cycle < 5%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 10 ns, Rj n > 1 M12, C in <11.5pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 


5 


FIGURE I 

INDUCTIVE LOAD SWITCHING 



TEST CIRCUIT VOLTAGE AND CURRENT WAVEFORMS 


NOTE A: Input pulse width is increased until Iqm = 3 A. 


FIGURE 2 
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TYPE 2N5241 

N-P-N SILICON POWER TRANSISTOR 


STATIC FORWARD CURRENT 
TRANSFER RATIO 

vs 

COLLECTOR CURRENT 



TYPICAL CHARACTERISTICS 


BASE-EMITTER VOLTAGE 

vs 



-75 -50 -25 0 25 50 75 100 125 150 175 


COLLECTOR-EMITTER 
SATURATION VOLTAGE 

vs 



-75 -50 -25 0 25 50 75 100 125 150 175 


Iq— C ollector Current— A 


Tc— Case Temperature— °C 


T c— Case Temperature— °C 


FIGURE 3 


FIGURE 4 


FIGURE 5 


NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 
0.125 inch from the device body. 
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TYPES 2N5301, 2N5302, 2N5303 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
2N5301, 2N5302 DESIGNED FOR COMPLEMENTARY USE WITH 2N4398, 2N4399 

200 W at 25°C Case Temperature 
30-A Rated Continuous Collector Current (2N5301, 2N5302) 


20-A Rated Continuous Collector Current (2N5303) 


Min f T of 2 MHz at 10 V, 1 A 


^mechanical data 

The case outline is the same as JEDEC TO-3 except for lead diameter. 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


I— 1.573 MAX— H 



DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25° C case temperature (unless otherwise noted) 



2N5301 2N5302 2N5303 


"Collector-Base Voltage 40 V 60 V 80 V 

* Collector-Emitter Voltage (See Note 1 ) 40 V 60 V 80 V 

"Emitter-Base Voltage 5 V 5 V 5 V 

"Continuous Collector Current 30 A 30 A 20 A 

"Peak Collector Current (See Note 2) “4 50 A 

"Continuous Base Current -4 7.5 A >~ 

Safe Operating Region at (or below) 25°C Case Temperature See Figures 7 and 8 

"Continuous Device Dissipation at (or below) 25°C Case Temperature 

(See Note 3) ■< 200 W >- 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature 

(See Note 4) ■< 5 W >- 

"Operating Collector Junction Temperature Range -65 C to 200 C 

"Storage Temperature Range -65°C to 200°C 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t p <0.3 ms, duty cycle < 1 0%. 

3. Derate linearly to 200°C case temperature at the rate of 1.14 W/deg. 

4. Derate linearly to 200°C free-air temperature at the rate of 28.6 mW/deg. 
* I ndicates JEDEC registered data 
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TYPES 2N5301, 2N5302, 2N5303 

N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


^electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N5301 
MIN MAX 

2N5302 
MIN MAX 

2N5303 
MIN MAX 

UNIT 

w Collector-Emitter 

V (BR)CEO 

Breakdown Voltage 

l c = 200 mA, l B = 0, See Note 5 

40 

60 

80 

V 

*CBO Collector Cutoff Current 

V CB = 40V, l E = 0 

1 



mA 

Vq B = 60 V, 1 E = 0 


1 


Vqb = 80 V, l E = 0 



1 

*CEO Collector Cutoff Current 

V CE = 40 V, l B = 0 

5 



mA 

V ce = 60V, l B = 0 


5 


Vq E = 80 V, 1 B = 0 



5 

•cEV Collector Cutoff Current 

V CE = 40 V, V BE = -1.5 V 

1 



mA 

V ce = 60V, V be = -1.5 V 


1 


V CE = 80 V, V BE = -1.5 V 



r 

V ce = 40V, V be = -1.5V, T c = 150°C 

10 



V ce = 60V, V be = -1.5 V, T c = 150°C 


10 


V CE = 80 V, V BE =-1.5 V/T c = 150°C 



10 

l{=QO Emitter Cutoff Current 

V EB = 5 V, l c = 0 

5 

5 

5 

mA 

Static Forward Current 
^ FE Transfer Ratio 

V CE = 2V, l c = 1 A 

See Notes 5 and 6 

40 

40 

40 


V CE = 2V, l c = 10 A 



Ul 

0) 

o 

V CE = 2 V, l c =15A 

15 60 

15 60 


V CE = 2 V, l c = 20 A 



5 

V C e ~ 2 V, l c = 30A 

5 

5 


V B E Base- E m itter Voltage 

l B = 1 A, l c = 10 A 


1.7 

1.7 

1.7 

V 

l B = 1.5 A, l C = 15 A 

1.8 

1.8 

2 

l B = 2 A, l c = 20 A 

See Notes 5 and 6 

2.5 

2.5 


l B = 4 A, l c = 20 A 



2.5 

V CE = 2 V, l c = 10 A 



1.5 

V CE = 2 V, l c = 15 A 

1.7 

1.7 


V C e = 4V, l C = 20A 



2.5 

V CE = 4 V, l c = 30 A 

3 

3 


Collector-Emitter 

VcE(sat) Saturation Voltage 

l B = 1 A, l c =10A 

See Notes 5 and 6 

0.75 

0.75 

1 

V 

l B = 1.5A, l c = 15A 



1.5 

I b = 2A, l c = 20A 

2 

2 


l B = 4A, l c = 20A 



2 

l B = 6 A, l c = 30 A 

3 

3 


Small-Signal Common-Emitter 

hf e 

Forward Current Transfer Ratio 

V CE = 10 V, l c =1A, f = 1 kHz 

40 

40 

40 


. . Small-Signal Common-Emitter 

(ll-f q| 

Forward Current Transfer Ratio 

V CE = 10V, l c =1A, f = 1 MHz 

2 

2 

2 



NOTES: 5 . These parameters must be measured using pulse techniques. t p = 300 jits, duty cycle 5:2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


* I ndicates JEDEC registered data 
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TYPES 2N5301, 2N5302, 2N5303 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


thermal characteristics 


PARAMETER 

X 

< 

UNIT 

0j. c Junction-to-Case Thermal Resistance 

0.875 

deg/W 

0 J-A Junction-to-Free-Air Thermal Resistance 

35 


^switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS! | 

X 

< 

UNIT 

«r 

Rise Time 

l C = 10 A, 

R(_ = 3 fl, 

■bid* 1 A ' v BE(off) = " 2 V ' 

See Figure 1 

1 

JUS 

*s 

Storage Time 

l C = 10 A, 

1 B( 1 ) = 1 A, 1 B (2) = - 1 A, 

2 

tf 

Fall Time 

R(_ = 3 fl, 

See Figure 2 

1 



tVoltage and current values shown are nominal, exact values vary slightly with transistor parameters. 


^PARAMETER MEASUREMENT INFORMATION 



TEST CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 1 - RISE TIME 




VOLTAGE WAVEFORMS 


FIGURE 2 - STORAGE AND FALL TIMES 

NOTES: a. The input waveforms are supplied by a generator with the following characteristics: t r <20 ns, tf <20 ns, Z out = 50 fl, 
tp = 10 jus to 100 jus, duty cycle <2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: t r <20 ns, R j n > 10 k£2, Cj n < 1 1.5 pF. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 

* I ndicates JE DEC registered data 
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TYPES 2N5301, 2N5302, 2N5303 

N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


5 


5-214 


TYPICAL CHARACTERISTICS 


2N5301, 2N5302 

STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



0.2 0.4 0.7 1 2 4 7 10 20 40 

lc — Collector Current — A 


2N5303 

STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



0.2 0.4 0.7 1 2 4 7 10 20 

lc — Collector Current — A 


FIGURE 3 

BASE-EMITTER VOLTAGE 
vs 


COLLECTOR CURRENT 



FIGURE 4 

COLLECTOR-EMITTER SATURATION VOLTAGE 


vs 



0.2 0.4 0.7 1 2 4 7 10 20 40 


lc — Collector Current — A 

FIGURE 6 


NOTES: 5. These parameters must be measured using pulse techniques. t p = 300 jus , duty cycle <2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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TYPES 2N5301, 2N5302, 2N5303 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING REGIONS 



Vq e — Collector-Emitter Voltage — V 


FIGURE 7 



1 2 4 7 10 20 40 70 100 


Vce — Collector-Emitter Voltage — V 

FIGURE 8 
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TYPES 2N5301, 2N5302, 2N5303 

N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


THERMAL INFORMATION 



PEAK-POWER COEFFICIENT CURVE 



T c — Case Temperature — °C 

FIGURE 9 


tp — Pulse Width — ms 

FIGURE 10 


Equation No. 1 — Application: d-c power dissipation, 
heat sink used. 


SYMBOL 

DEFINITION 

VALUE 

UNIT 

P T(av) 

Average Power Dissipation 


W 

P T(max) 

Peak Power Dissipation 


w 

e J-A 

Junction-to-Free-Air Thermal Resistance 

35 

deg/W 

0 J-C 

Junction-to-Case Thermal Resistance 

0.875 

deg/W 

d C-A 

Case-to- Free- Air Thermal Resistance 

34.125 

deg/W 

e C-HS 

Case-to- Heat-Sink Thermal Resistance 


deg/W 

0 HS-A 

Heat-Sink-to-Free-Air Thermal Resistance 


deg/W 

T a 

Free-Air Temperature 


°C 

T C 

Case Temperature 


°C 

T J(av) 

Average Junction Temperature 

<200 

°c 

Tj(max) 

Peak Junction Temperature 

<200 

°c 

K 

Peak-Power Coefficient 

See Figure 10 



Pulse Width 


ms 

t x 

Pulse Period 


ms 

d 

Duty-Cycle Ratio (t p /t x ) 




for 100 C <T C <200 C 


«J-C + I'C-HS + »HS-A “ inFi9Ure9 

Equation No. 2 — Application: d-c power dissipation, 
no heat sink used. 

Tj(av) ~"Fa o O 

Pj(av) = for 25 C <T A < 200 C 

0 J A 

Equation No. 3 — Application: Peak power dissipation, 
heat sink used. 


P T(max) = 


1 J(max) - 'A 


d ( 0 C-HS + 0 HS-A> +K 0 J-C 


-for 100 C<T C <200 C 


Equation No. 4 — Application: Peak power dissipation, 
no heat sink used. 


' J(max) ~ 1 A 
^C-A + K0j. C 


for 25 C <T a <200 C. 


Example — Find P-r(max) (design limit) 

OPERATING CONDITIONS: 

0C-HS + 0 HS-A ~ 2 * 25 deg/W (From information supplied 
with heat sink.) 

Tj(av) (design limit) = 200°C 
T a = 50° C 
d= 10% (0.1) 
t p = 0.1 ms 


Solution: 

From Figure 10, Peak-Power Coefficient 
K = 0.109 and by use of equation No. 3 


P T(max) 


Tj(max) -T A 

d ( 0 C-HS + 0 HS-A> + K0j-c 


(*T(max) 


200 - 50 

0.1 (2.25) +0.109 (0.875) 


= 469 W 
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TYPE 2N5333 

P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N4300 

• 15 W at 100°C Case Temperature 

• Max V CE|sol| of 0.45 V at 1 A l c 

• Typ t„„ of 150 ns at 1 A lc 

• Min f T of 30 MHz 


* mechanical data 



5 


* absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Collector-Base Voltage -100 V 

Collector-Emitter Voltage (See Note 1) —80 V 

Emitter-Base Voltage — 6V 

C9ntinuous Collector Current —2 A 

Peak Collector Current (See Note 2) — 5 A 

Continuous Base Current -1 A 

Continuous Emitter Current — 3 A 

Safe Operating Region at (or below) 100°C Case Temperature See Figure 7 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) 15 W 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) . . . . 1 W 

Operating Collector Junction Temperature Range -65°C to 200°C 

Storage Temperature Range -65°C to 200°C 

Lead Temperature V\<> Inch from Case for 10 Seconds 260°C 

NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t p < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 0.15 W/deg. 

4. Derate linearly to 200°C free-air temperature at the rate of 5.72 mW/deg. 

* JEDEC registered data 
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TYPE 2N5333 

P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


*electrkal characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN MAX 

UNIT 

V(br)ceo Collector-Emitter Breakdown Voltage 

l c = -30 mA, l B = 0, See Note 5 

-80 

V 

Iceo Collector Cutoff Current 

V C e = —40 V, l B = 0 

-50 

ft A 

Ices Collector Cutoff Current 

V CE = -90 V, Vbe — 0 

-10 

ftA 

V CE = —50 V, V BE = 0, To = 150°C 

-500 

Iebo Emitter Cutoff Current 

Veb = -4 V, lc = 0 

-1 

ixk 

< 

II 

1 

O' 

< 

cT 

II 

CD 

-100 

h F E Static Forward Current Transfer Ratio 

V CE - -4 V, lc = -1 A, See Notes 5 and 6 

30 120 


V C e = -4 V, l c = -2 A, See Notes 5 and 6 

10 

V B e Base-Emitter Voltage 

V CE = -4 V, l c = -2 A, See Notes 5 and 6 

-1.5 

V 

VcE(sat) Collector-Emitter Saturation Voltage 

l B = -0.1 A, l c — -1 A, See Notes 5 and 6 

-0.45 

V 

l 8 = -0.4 A, l c = -2 A, See Notes 5 and 6 

-1 

Small-Signal Common-Emitter 
fe Forward Current Transfer Ratio 

V CE = -10 V, l c — — 1 A # f = 1 kHz 

30 

X 

1 1 Small-Signal Common-Emitter 

1 fe ' Forward Current Transfer Ratio 

V CE ** -10 V, lc = —1 A # f = 15 MHz 

2 



NOTES: 5. These parameters must be measured using pulse techniques, tp = 300 /xs, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


*thermal characteristics 


PARAMETER 

MAX 

UNIT 

0j-c Junction-to-Case Thermal Resistance 

6.66 

deg/W 

0j-a Junction-to-Free-Air Thermal Resistance 

175 


*JEDEC registered data 
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TYPE 2N5333 

P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


switching characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONS! 

TYP 

UNIT 

Turn-On Time 

Ic ~ — 1 A, 1 b{ i ) = —0.1 A,Ib( 2 ) ~ 0.1 A, 

VBE(off) - 3.7 V, R l = 20 IX, See Figure 1 

150 

ns 

t off Turn-Off Time 

450 


fVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 




VOLTAGE WAVEFORMS 


FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t r < 15 ns, t f < 15 ns, = 50 fi, t p — 2 /xs, duty cycle < 2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: t p < 15 ns, R jn > 10 Mfl, C |n < 11.5 pF. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 
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TYPE 2N5333 

P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 
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TYPICAL CHARACTERISTICS 

STATIC FORWARD CURRENT TRANSFER RATIO 


VS 



- 0.02 - 0.04 - 0.07 - 0.1 - 0.2 - 0.4 - 0.7 -1 -2 -4 

1^ — Collector Current — A 


FIGURE 2 


BASE-EMITTER VOLTAGE 


vs 



-75 -50 -25 0 25 50 75 100 125 150 


T^ — Case Temperature — °C 

FIGURE 3 


COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 

CASE TEMPERATURE 


-4 

-2 

-1 
- 0.7 

- 0.4 

- 0.2 

- 0.1 
- 0.07 

- 0.04 

- 0.02 
- 0.01 

-75 -50 -25 0 25 50 75 100 125 150 

Tq — Case Temperature — °C 

FIGURE 4 
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NOTES: 5. These parameters must be measurea using pulse techniques. t p = 300 /xs, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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TYPE 2N5333 

P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


TYPICAL CHARACTERISTICS 


NORMALIZED COLLECTOR - EMITTER 
BREAKDOWN VOLTAGE 


vs 



R be — Base-Emitter Resistance — Q 

FIGURE 5 


COMMON-BASE OPEN-CIRCUIT INPUT 
AND OUTPUT CAPACITANCE 


vs 



-1 -2 -4 -7 -10 -20 -40 


Reverse Bias Voltage — V 

FIGURE 6 


NOTE 5: These parameters must be measured using pulse techniques. t p — 300 /is, duty cycle ^ 2%. 


MAXIMUM SAFE OPERATING REGION 



v CE — Collector-Emitter Voltage — V 


FIGURE 7 
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TYPE 2N5333 

P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


THERMAL INFORMATION 


5 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



0 25 50 75 100 125 150 175 200 


T c —Case Temperature— °C 

FIGURE 8 



t p — Pulse Width — ms 

FIGURE 9 


SYMBOL DEFINITION 


SYMBOL 

DEFINITION 

VALUE 

UNIT 

P T(av) 

Average Power Dissipation 


W 

P T(max) 

Peak Power Dissipation 


w 

0J-A 

Junction-to-Free-Air Thermal Resistance 

175 

deg/W 

0J-C 

Junction-to-Case Thermal Resistance 

6.66 

deg/W 

0c-A 

Case-to-Free-Air Thermal Resistance 

168 

deg/W 

0C-HS 

Case-to-Heat-Sink Thermal Resistance 


deg/W 

$HS-A 

Heat-Sink-to-Free-Air Thermal Resistance 


deg/W 

t a 

Free-Air Temperature 


°C 

T C 

Case Temperature 


°C 

T J(av) 

Average Junction Temperature 

< 200 

°c 

^J(max) 

Peak Junction Temperature 

< 200 

°c 

K 

Peak-Power Coefficient 

See Figure 9 


V 

Pulse Width 


ms 

»* 

Pulse Period 


ms 

d 

Duty-Cycle Ratio (tp/t x ) 




Equation No. 1 — Application: d-c power dissipation, 
heat sink used. 

p _ T J(av) ~ T A for 100°C < T c < 200°C 

T(aV) 0j. C + 0C-HS + #HS-A as in Fi 9 ure 8 

Equation No. 2 — Application: d-c power dissipation, 
no heat sink used. 

V) = Tj| ‘* ! ~ TA »<" < Ta < *»•« 


Equation No. 3 — Application: Peak power dissipation, 
heat sink used. 


, _ T J(max) ~ T a 

T<maXl d (#C-HS + ^HS-a) + K #J-C 


for 100°C < T c < 200°C 


Equation No. 4 — Application: Peak power dissipation, 
no heat sink used. 


P T(max) — 


T J(max) ~ T A 
d #C-A + K 0J-C 


for 25°C < T a < 200°C 


Example — Find Px( max j (design limit) 

OPERATING CONDITIONS: 

^C-HS $HS-A = ^ deg/W (From information supplied 
with heat sink.) 

Tj(av) (design limit) = 200°C 

t a = 50 ° c 
d = 10% (0.1) 
t p = 0.1 ms 


Solution: 

From Figure 9, Peak-Power Coefficient 

K = 0.105 and by use of equation No. 3 

p _ ^J(max) ^A 

T(max) j (0 C _ HS 4. ^ HS A ) + K c 

200 - 50 

P T(m „, = = 107 W 

T|max) „ } ^ + 0 105 (6 66) 
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TYPES 2N5384, 2N5385 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N3996 AND 2N3998 

• 30 W at 100°C Case Temperature • Typ t on of 160 ns at 2 A l c 

• Max V CE (, al| of 0.6 V at 2 A l c • Min f T of 30 MHz 

* mechanical data 


10-32 UNF-2A 
MAX STUD TORQUE; 
IS IN-US 


2N5384 


THE ACTIVE ELEMENTS ARE ELECTRICALLY INSULATED FROM THE CASE 

O.SOS MAX 

I /— 1 — EMITTER 


SEATING PLANE 

0.090 MIN 


0.189 
0.15 5 
0.455 
— 0.400 



T 


1 


' 0.423 0.423 


ar 7 


\ 3 — COLLECTOR - 1 

3 TERMINALS 
(DIA) 

0.070 



ALL JEDEC TO-111 
DIMENSIONS AND 
NOTES ARE 
APPLICABLE 


SEATING PLANE •» 

0.090 MIN — 

10-32 UNF-2A 

3 

15 IN-IBS 

, V 

hI 

n# 

1 

0 189 
0155' 

HI 

2N5385 ‘“’'"““I 

0-455 

0 400 

t- 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 

h*- 0.505 MAX -*4 
~ ~ . 3- COLLECTOR 

_0.175 NOM 
(SEE NOTES A3 8) 



120° NOM 

(se 3 enote S C) ALL JEDEC TO-111 

DIMENSIONS AND 
mtter NOTES ARE 

APPLICABLE 


NOTES: A. Position of terminals with respect to hexagon is not controlled. 

B. Terminals located on true position within 0.030 inch relative to diameter of can. 

C . This dimension applies to the location of the center line of the terminals. 

D. The case temperature may be measured anywhere on the seating plane within 0.125 inch of the stud. 

E. All dimensions are in inches unless otherwise specified. 


C -< 


O 

a 

r 

l/» 

O' 

8 

N 

<0 

2 


to 

Z 


^absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage —100 V 

Collector-Emitter Voltage (See Note 1) -80 V 

Emitter-Base Voltage — 6V 

Continuous Collector Current —5 A 

Peak Collector Current (See Note 2) —12 A 

Continuous Base Current —1 A 

Continuous Emitter Current —6 A 

Safe Operating Region at (or below) 100° C Case Temperature See Figure 2 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) 30 W 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note A) ... . 2 W 

Operating Collector Junction Temperature Range — 65°C to 200°C 

Storage Temperature Range — 65°C to 200°C 

Terminal Temperature Xt Inch from Case for 10 Seconds 260°C 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t p < 0.3 ms, duty cycle < 10%. 


3. Derate linearly to 200°C case temperature at the rate of 0.3 W/deg. 

4. Derate linearly to 200°C free-air temperature at the rate of 11.4 mW/deg. 


"‘Indicates JEDEC registered data 
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TYPES 2N5384, 2N5385 

P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


^electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN MAX 

UNIT 

V(br)ceo Collector-Emitter Breakdown Voltage 

l c = -30 mA, l B = 0, See Note 5 

-80 

V 

Iceo Collector Cutoff Current 

Vce = -40 V, l B = 0 

-50 

fJL A 

Ices Collector Cutoff Current 

V C e = -90 V, V BE = 0 

-10 

[JL A 

Vce = -50 V, V K = 0, T c = 150°C 

-500 

Iebo Emitter Cutoff Current 

V EB = -4 V, lc = 0 

-1 

P A 

Veb =■ -6 V, lc = 0 

-100 

h F E Static Forward Current Transfer Ratio 

Vce — -4 V, l c = -2 A, See Notes 5 and 6 

20 80 


Vce = -4 V, l c = -5 A, See Notes 5 and 6 

10 

V B e Base-Emitter Voltage 

Vce — -4 V, l c = -5 A, See Notes 5 and 6 

-1.5 

V 

VcE(sat) Collector-Emitter Saturation Voltage 

l B — -0.2 A, l c = -2 A, See Notes 5 and 6 

—0.6 

V 

l B = -1 A, l c = -5 A, See Notes 5 and 6 

-1.4 

, Small-Signal Common-Emitter 

fe Forward Current Transfer Ratio 

Vce = -10 V, l c — -1 A, f = 1 kHz 

20 


i. | Small-Signal Common-Emitter 

' fe| Forward Current Transfer Ratio 

Vce — — 10 V, l c = -1 A, f - 15 MHz 

2 



NOTES: 5. These parameters must be measured using pulse techniques. t p = 300 fis, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


* thermal characteristics 


PARAMETER 

MAX 

UNIT 

0j-c Junction-to-Case Thermal Resistance 

3.33 

deg/W 

0j-a Junction-to-Free-Air Thermal Resistance 

87.5 


’Indicates JEDEC registered data 
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TYPES 2N5384, 2N5385 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


switching characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONS! 

TYP 

UNIT 

^ Turn-On Time 

Ic = — 2 A, Ib(i] = —150 mA, Ib(2) = 150 mA, 

VBE(off) — 2.8 V, R l = 15 0, See Figure 1 

160 

ns 

t 0 ff Turn-Off Time 

550 


fVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 




VOLTAGE WAVEFORMS 


FIGURE 1 


5 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t r < 15 ns, t f < 15 ns, Z out = 50 ft, t p = 5 /ts, duty cycle < 2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: t f < 15 ns, R jn > 10 Mfi, C jn < 11.5 pF. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 
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TYPES 2N5384, 2N5385 

P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING REGION 



-1 -2 -4 -7 -10 -20 -40 -70 -100 

— Collector-Emitter Voltage — V 

FIGURE 2 


THERMAL CHARACTERISTICS 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



Tq —Case Temperature -°C 


T A — Free-Air Temperature -°C 


FIGURE 3 


FIGURE 4 
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TYPE 2N5386 

P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N4301 

• 50 W at 100°C Case Temperature 

• Max Vciisai) of 0.6V at 6 A l c 

• Typ ton of 230 ns at 6 A lc 

• Min f T of 30 MHz at 10 V, 1 A 

* mechanical data 



THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



ALL JEDEC T0-61 DIMENSIONS 
AND NOTES ARE APPLICABLE 


CASE TEMPERATURE MEA- 
SUREMENT POINT IS UN- 
DERSIDE OF FLAT SURFACE 
WITHIN 0.125" FROM STUD 


ALL DIMENSIONS ARE IN INCHES 




* absolute maximum ratings at 25 °C case temperature (unless otherwise noted) 


Collector-Base Voltage -100 V 

Collector-Emitter Voltage (See Note 1) —80 V 

Emitter-Base Voltage -6 V 

Continuous Collector Current —12 A 

Peak Collector Current (See Note 2) —25 A 

Continuous Base Current . —4 A 

Continuous Emitter Current —13 A 

Safe Operating Region at (or below) 100°C Case Temperature See Figure 2 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) 50 W 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) . . . . 3.5 W 

Operating Collector Junction Temperature Range — 65°C to 200°C 

Storage Temperature Range — 65°C to 200°C 

Terminal Temperature %6 Inch from Case for 10 Seconds 260°C 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t p < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200° C case temperature at the rate of 0.5 W/deg. 

4. Derate linearly to 200°C free-air temperature at the rate of 20 mW/deg. 

'"Indicates JEDEC registered data 
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TYPE 2N5386 

P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


5 


5-228 


*electrical characteristics at 25 °C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN MAX 

UNIT 

V(brjceo Collector-Emitter Breakdown Voltage 

l c = -30 mA, l B = 0 , See Note 5 

-80 

V 

Iceo Collector Cutoff Current 

V CE = -40 V, l B = 0 

-50 

/*A 

Ices Collector Cutoff Current 

V CE = -90 V, V BE = 0 

-10 

fl A 

V C£ = -50 V, V ffi = 0, T c = 150°C 

-500 

Iebo Emitter Cutoff Current 

Veb = -4 V, lc = 0 

-5 

fik 

V EB = -6 V, lc = 0 

-100 

H F e Static Forward Current Transfer Ratio 

Vce = -4 V, l c = -6 A ; See Notes 5 and 6 

20 80 


V C e = -4 V, l c = -12 A, See Notes 5 and 6 

10 

V B e Base-Emitter Voltage 

V C e = -4 V, l c = -12 A, See Notes 5 and 6 

-1.5 

V 

VcE(sat) Collector-Emitter Saturation Voltage 

l B = -0.6 A, lc = -6 A, See Notes 5 and 6 

-0.6 

V 

l B = -2.4 A, l c = -12 A, See Notes 5 and 6 

-1.4 

, Small-Signal Common-Emitter 

fe Forward Current Transfer Ratio 

V CE =-10 V, l c = -1 A, f = 1 kHi 

20 


i. | Small-Signal Common-Emitter 

* fe ' Forward Current Transfer Ratio 

Vce = “10 V, l c = -1 A, f = 15 MHz 

2 



NOTES: 5. These parameters must be measured using pulse techniques. t p = 300 /j.i, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


* thermal characteristics 


PARAMETER 

MAX 

UNIT 

0j-c Junction-to-Case Thermal Resistance 

2 


0j-a Junction-to-Free-Air Thermal Resistance 

50 

deg /W 


’Indicates JEDEC registered data 
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TYPE 2N5386 

P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


switching characteristics at 25 °C case temperature 


PARAMETER 

TEST CONDITIONS! 

TYP 

UNIT 

ton Turn-On Time 

I c = -6 A, l B (i) = -400 mA, l B(2 ) = 400 mA, 

V be (off) = 3.6 V, R L = 5 n. See Figure 1 

230 

ns 

t off Turn-Off Time 

750 


f Voltage and current values shown are nominal; exact values very slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 





VOLTAGE WAVEFORMS 


FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t p < 15 ns, t f < 15 ns, Z out = 1.5 ki2, t p = 5 /zs, duty cycle < 2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, R in > 10 M£2, C jn < 11.5 pF. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 
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TYPE 2N5386 

P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


MAXIMUM SAFE OPERATING REGION 




Vce — Collector-Emitter Voltage — V 


FIGURE 2 


THERMAL CHARACTERISTICS 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



FIGURE 3 


FIGURE 4 
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TYPES 2N5387, 2N5388, 2N5389 

N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 

« 


FOR POWER-AMPLIFIER APPLICATIONS 

• 200 V, 250 V, 300 V Rated Collector-Emitter Voltages 

• 100 Watts at 100°C Case Temperature 

• Typ t on of 300 ns at 2 A lc 

• Minf, of 15 MHz at 10 V, 1 A 

* mechanical data 




^absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) 

Continuous Base Current 

Continuous Emitter Current 

Safe Operating Region at (or below) 100°C Case Temperature . . . 

Continuous Device Dissipation at (or below) 100°C Case Temperature 

(See Note 3) 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature 

(See Note 4) 

Operating Collector Junction Temperature Range 

Storage Temperature Range 

Terminal Temperature Yu Inch from Case for 10 Seconds 


2N5387 2N5388 2N5389 
200 V 250 V 300 V 
200 V 250 V 300 V 


■< 10 V y 

7.5 A y 

-< 10 A y 

■< 3 A y 

-< 8A y 

See Figure 6 >~ 

^ 1 00 W y 

^ 3.5 w ^ 

-< -65 °C to 200°C y 

-< -65 °C to 200°C y 

-< 260°C y 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t p < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 1 W/deg. 

4. Derate linearly to 200°C free-air temperature at the rate of 20 mW/deg. 
* Indicates JEDEC registered data 
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TYPES 2N5387, 2N5388, 2N5389 

N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


* electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N5387 

2N5388 

2N5389 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

V(br)ceo Collector-Emitter Breakdown Voltage 

l c = 30 mA, l B = 0, See Note 5 

200 

250 

300 

V 

Iceo Collector Cutoff Current 

V CE = 180 V, l B = 0 

30 



mA 

Vce = 225 V, | B = 0 


30 


Vce = 270 V, l B = 0 



30 

Ices Collector Cutoff Current 

V CE = 180 V, Vbe = 0 

1 



mA 

V CE = 225 V, Vbe = 0 


1 


V CE = 270 V, Vbe = 0 



1 

V CE = 100 V, V* = 0, T c = 150°C 

10 



V CE = 125 V, Vbe = 0, T c = 150°C 


10 


V CE = 150 V, V K = 0, T c = 150°C 



10 

Iebo Emitter Cutoff Current 

Veb = 8 V, lc = 0 

0.1 

0.1 

0.1 

mA 

Veb= 10V, l c = 0 

1 

1 

1 

h FE Static Forward Current Transfer Ratio 

Vce = 5 V, l c = 2 A, See Notes 5 and 6 

25 100 

25 100 

25 100 


Vce = 5 V, l c = 5 A, See Notes 5 and 6 

15 

15 

15 

Vce = 5 V, l c — 7 A, See Notes 5 and 6 

5 

5 

5 

Vbe Base-Emitter Voltage 

Vce = 5 V, l c = 7 A, See Notes 5 and 6 

2.5 

2.5 

2.5 

V 

VcE(sat) Collector-Emitter Saturation Voltage 

l B = 1 A, l c = 5 A, See Notes 5 and 6 

2 

2 

2 

1 

V 

l B = 1.4 A, lc — 7 A, See Notes 5 and 6 

2.2 

2.2 

2.2 

Small-Signal Common-Emitter 
fe Forward Current Transfer Ratio 

V CE = 10 V, l c = 1 A, f = 1 kHz 

20 

20 

20 


, 1 Small-Signal Common-Emitter 

' hfe l Forward Current Transfer Ratio 

Vce = 10 V, l c = 1 A, f = 10 MHz 

1.5 

'■ 5 

15 



NOTES: 5. These parameters must be measured using pulse techniques. t p = 300 fi s, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 



* thermal characteristics 


PARAMETER 

MAX 

UNIT 

dj.c Junction-to-Case Thermal Resistance 

1 

deg/W 

0j. A Junction-to-Free-Air Thermal Resistance 

50 



♦Indicates JEDEC registered data 
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TYPES 2N5387, 2N5388, 2N5389 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


switching characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONSf 

TYP 

UNIT 

ton Turn-On Time 

Ic = 2 A, l B (i) == 200 mA, 1 b{ 2) = — 200 mA, 

^BE(off) — -4.7 V, R l = 20 11, See Figure 1 

0.3 

/AS 

t off Turn-Off Time 

1 


fVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 



TEST CIRCUIT 


+32 V , 


-1.3 V 


-f — \ w% 

— *fio% ! v — 


p°% 

-*t on |*- -H t 0 ff N- 
I I 

\ I 10% 


90%4 


OUTPUT 


VOLTAGE WAVEFORMS 


FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t r < 15 ns, t f < 15 ns, Z Qut = 50 Q, t p = 10 fis, 
duty cycle < 2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, R jn > 10 Mfl, C jn < 11.5 pF. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 
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TYPES 2N5387, 2N5388, 2N5389 

N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 



STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



!(- — Collector Current — A 


FIGURE 2 


BASE-EMITTER VOLTAGE 


vs 



75 -50 -25 0 25 5 0 75 1 00 1 25 150 

Tc — Case Temperature — °C 

FIGURE 3 


COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 



-75 -50 -25 0 25 50 75 100 125 150 

Tc — Case Temperature — °C 

FIGURE 4 


NOTES: 5. These parameters must be measured using pulse techniques. t p = 300 /xs, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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TYPES 2N5387, 2N5388, 2N5389 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


COMMON-BASE OPEN-CIRCUIT 
OUTPUT CAPACITANCE 



VCB 


4 7 10 20 40 

— Collector-Base Voltage — V 


70 100 


5 


MAXIMUM SAFE OPERATING REGION 



Vce ~ Collector-Emitter Voltage -V 

FIGURE 6 
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TYPES 2N5387, 2N5388, 2N5389 

N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


THERMAL INFORMATION 




Tc — Case Temperature — °C 


FIGURE 7 


PEAK-POWER COEFFICIENT CURVE 



FIGURE 8 


SYMBOL DEFINITION 


SYMBOL 

DEFINITION 

VALUE 

UNIT 

P T(av) 

Average Power Dissipation 


W 

P T(max) 

Peak Power Dissipation 


w 

0J-A 

Junction-fo-Free-Air Thermal Resistance 

50 

deg/W 

0J-C 

iunction-to-Case Thermal Resistance 

1 

deg/W 

< 

6 

Case-to-Free-Air Thermal Resistance 

49 

deg/W 

#C-HS 

Case-to-Heat-Sink Thermal Resistance 


deg/W 

0HS-A 

Heat-Sink-to-Free-Air Thermal Resistance 


deg/W 

t a 

Free-Air Temperature 


°C 

T C 

Case Temperature 


°C 

T J(av) 

Average Junction Temperature 

< 200 

°C 

Tj(max) 

Peak Junction Temperature 

< 200 

°c 

K 

Peak-Power Coefficient 

See Figure 8 


f P 

Pulse Width 


ms 

t x 

Pulse Period 


ms 

d 

Duty-Cycle Ratio (t p /t x ) 




Equation No. 1 — Application: d-c power dissipation, 
heat sink used. 

T J[av) ~ T A for 100 ° C < T c ^ 200 ° C 

P ™ “ 0J.C + 0C-HS + e»HS.A" !i " fi9U,e7 

Equation No. 2 — Application: d-c power dissipation, 
no heat sink used. 


P T(ayJ = _!« L^f or 25°C < T a < 200° C 

0J-A 

Equation No. 3 — Application: Peak power dissipation, 
heat sink used. 


d (0C-HS + ^HS-a) + K $J-C 


for 100°C < T c < 200° C 


Equation No. 4 — Application: Peak power dissipation, 
no heat sink used. 


P T(max) — 


Tj(max) ^A 

* 0C-A + « 0J-C 


for 25°C < T A < 200°C 


Example — Find Pj( max j (design limit) 

OPERATING CONDITIONS: 

$C-HS “f" ^HS-A = ^ deg/W ( Prom information supplied 
with heat sink.) 

Tj(av) (design limit) = 200°C 
T a = 50°C 
d = 10% (0.1) 
t p = 0.1 ms 


Solution: 

From Figure 8, Peak-Power Coefficient 
K = 0.105 and by use of equation No. 3 

p T J(max) ~ T A 

T(rT ’ aX) d ($C-HS + ^HS-a) + K #J-C 
200 - 50 

P Tfm „, = = 296 W 

T,max| 0.1 (4) + 0.105 '(1) 
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^device schematic 


TYPE 2N5390 

N-P-N DARLINGTON-CONNECTED PLANAR SILICON POWER TRANSISTOR 


• Very High Gain — 1000 Min at 5 A 

• High-Speed Switching — 0.3 fis Typ t on 



* mechanical data 



^absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector — Base-1 Voltage 120 V 

Collector — Emitter Voltage (See Note 1) 80 V 

Emitter — Base-1 Voltage 15 V 

Continuous Collector Current 2 A 

Peak Collector Current (See Note 2) 5 A 

Commutating-Diode Current (See Note 3) -2 A 

Continuous Base-One Current 0.1 A 

Continuous Base-Two Terminal Current 1 A 

Safe Operating Region at (or below) 100°C Case Temperature See Figure 7 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 4) 15 W 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 5) 1 W 

Operating Collector Junction Temperature Range — 65°C to 200°C 

Storage Temperature Range -65° C to 200°C 

Lead Temperature Vv> Inch from Case for 10 Seconds 300°C 


NOTES: 1. This value applies when both base terminals are open-circuited. 

2. This value applies for t p < 0.3 ms, duty cycle < 10%. 

3. This applies to the total collector-terminal current when the collector is at negative potential with respect to the emitter. 

4. Derate linearly to 200°C case temperature at the rate of 150 mW/deg. 

5. Derate linearly to 200°C free-air temperature at the rate of 5.71 mW/deg. 

♦Indicates JEDEC registered data 
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TYPE 2N5390 

N-P-N DARLINGTON-CONNECTED PLANAR SILICON POWER TRANSISTOR 


* electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN MAX 

UNIT 

Collector-Emitter 
(brjceo Breakdown Voltage 

l c — 30 mA, l B i = 1 B 2 = 0, See Note 6 

80 

V 

l CES Collector Cutoff Current 

Vce = 120 V, V B1 . E = V B2 .e = 0 

10 

/xA 

V CE = 80 V, V„. E = V K . E = 0, T c = 150°C 

1 

mA 

l EB10 Emitter Cutoff Current 

Vebi = 15 V, l c = 0, l B2 = 0 

10 


Static Forward Current 
hpE Transfer Ratio 

Vce = 5 V, l c = 1 A, l B2 = 0, 

See Notes 6 and 7 

1000 


Vce = 5 V, l c = 2A, l B2 = 0, 

See Notes 6 and 7 

2000 20 000 

Vce = 5 V, l c = 5 A, l„ = 0, 

See Notes 6 and 7 

1000 

V B i -e Base-One Emitter Voltage 

Vce = 5 V, l c = 1 A, l BZ = 0, 

See Notes 6 and 7 

1.8 

V 

Vce= 5V, l c = 2 A, I b = 0, 

See Notes 6 and 7 

1.1 2.2 

Collector-Emitter 

VcE(sat) Saturation Voltage 

I bi = 2 mA, lc = 2 A, Ib 2 = 0, 

See Notes 6 and 7 

1.4 

V 

l B , = 10 mA, lc = 5 A, l B2 = 0, 

See Notes 6 and 7 

2.5 

Small-Signal Common- 
jhf e | Emitter Forward 

Current Transfer Ratio 

Vce = 10 V, l c = 1 A, l B2 = 0, 

f = 20 MHz 

2 


Common-Base-One 

Cobio Open-Circuit Output 

Capacitance 

Vcb, = 10 V, l E = 0, 1.2 = 0, 

f = 1 MHz 

100 

PF 


NOTES: 6 . These parameters must be measured using pulse techniques. t p = 300 /zs, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 

"‘Indicates JEDEC registered data 


thermal characteristics 


PARAMETER 

MAX 

UNIT 

Oj.q Junction-to-Case Thermal Resistance 

6.67 

deg/W 

0j. A Junction-to-Free-Air Thermal Resistance 

175 

deg/W 
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TYPE 2N5390 

N-P-N DARLINGTON-CONNECTED PLANAR SILICON POWER TRANSISTOR 


switching characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONS! 

TYP 

UNIT 

t on Turn-On Time 

Ic = 2 A, 1 bi (i i = 4 mA, Ibi |2) ~ — 8 mA, 

Vbi -E(off) — —10 V, R l = 14 11, See Figure 1 

0.3 

/XS 

t off Turn-Off Time 

1.5 


tVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 


14 Q 



*85 V — -J *90% 

-3 V — +10% !' 


INPUT 




io %jr~ 

/ OL 


OUTPUT 


VOLTAGE WAVEFORMS 


FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t r < 15 ns, t f < 15 ns, — 1500 fi, 
tp — 5 fx s, duty cycle < 2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, R jn > 10 MLi, C jn < 11.5 pF. 

c. Resistors must be noninductive types. 
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TYPE 2N5390 

N-P-N DARLINGTON-CONNECTED PLANAR SILICON POWER TRANSISTOR 



TYPICAL CHARACTERISTICS 

STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



l c — Col lector Current — A 

FIGURE 2 


BASE-ONE— EMITTER VOLTAGE 


vs 



■75 -50 -25 0 25 50 75 100 125 150 

Tc — Case Temperature — °C 


COLLECTOR-EMITTER SATURATION VOLTAGE 


vs 



* -75 -50 -25 0 25 50 75 100 125 150 

Tc — Case Temperature — °C 


FIGURE 3 


FIGURE 4 


NOTES: 6. These parameters must be measured using pdlse techniques. t p = 300 /zs, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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TYPE 2N5390 

N-P-N DARLINGTON-CONNECTED PLANAR SILICON POWER TRANSISTOR 


TYPICAL CHARACTERISTICS 


NORMALIZED COLLECTOR-EMITTER 
BREAKDOWN VOLTAGE 


vs 



R B2 e — Base-Two — Emitter Resistance — Q 


FIGURE 5 


COMMON-BASE OPEN-CIRCUIT OUTPUT CAPACITANCE 



1 2 A 7 10 20 40 70 100 

V c B — Col lector-Base Voltage — V 

FIGURE 6 



MAXIMUM SAFE OPERATING REGION 



V CE — Collector-Emitter Voltage — V 

FIGURE 7 

NOTE 6: This parameter must be measured using pulse techniques: t p = 300 yus, duty cycle < 2%. 
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TYPE 2N5390 

N-P-N DARLINGTON-CONNECTED PLANAR SILICON POWER TRANSISTOR 


THERMAL INFORMATION 




75 100 1 25 150 200 

T c — Case Temperature — °C 


FIGURE 8 


PEAK-POWER COEFFICIENT CURVE 



t p — Pulse Width — ms 


FIGURE 9 


SYMBOL DEFINITION 


SYMBOL 

DEFINITION 

VALUE 

UNIT 

P T(av) 

Average Power Dissipation 


W 

P T(max) 

Peak Power Dissipation 


w 

#J-A 

Juncf ion-to-Free-Air Thermal Resistance 

175 

deg/W 

#J-C 

Junction-to-Case Thermal Resistance 

6.67 

deg/W 

0C-A 

Case-fo-Free-Air Thermal Resistance 

168 

deg/W 

0C-HS 

Case-to-Heat-Sink Thermal Resistance 


deg/W 

0HS-A 

Heaf-Sink-to-Free-Air Thermal Resistance 


deg/W 

t a 

Free-Air Temperature 


°C 

T C 

Case Temperature 


°C 

T J(av) 

Average Junction Temperature 

< 200 

°c 

Tj(max) 

Peak Junction Temperature 

< 200 

°c 

K 

Peak-Power Coefficient 

See Figure 9 


V 

Pulse Width 


ms 

»x 

Pulse Period 


ms 

d 

Duty-Cycle Ratio (t p /f x ) 




Equation No. 1 — Application: d-c power dissipation, 
heat sink used. 

p for 100«C < T c < 200°C 

™ 0j.c + 0C-HS + 0HS-A ° ! " ,i911 " 8 

Equation No. 2 — Application: d-c power dissipation, 
no heat sink used. 

p . = for 25°C < T a < 200 °C 

0J-A 

Equation No. 3 — Application: Peak power dissipation, 
heat sink used. 


r T(max) 


d ($C-HS + ^HS-a) + K #J-C 


-for 100°C < T r < 200° C 


Equation No. 4 — Application: Peak power dissipation, 
no heat sink used. 


•VaxJ d ^ | k q j c f ° r 2S ° C “ T A ^ 200 ° C 


Example — Find P T ( max j (design limit) 

OPERATING CONDITIONS: 

$C-H$ ^HS-A = ^ deg/W (From information supplied 
with heat sink.) 

Tj(av) ( desi 9 n limit) == 200°C 

T A = 50 ° C 
d = 10% (0.1) 
t p = 0.1 ms 


Solution: 

From figure 9, Peak-Power Coefficient 
K = 0.105 and by use of equation No. 3 

p __ ^J(max) ~ Ta 

T,m “' 1 (6 »c-hs + 0hs-a) + « 0j.c 

200 — 50 

P T , m . = = 107 W 

Tlmaxj Q ] (7J + 0 10J (6 67) 
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TYPES 2N5671, 2N5672 
N-P-N SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED SWITCHING APPLICATIONS 

• 20 mJ Reverse Energy Rating 

• Min V(BR)CEO of 120 V (2N5672) 

• Min fj of 50 MHz at 10 V, 2 A 

• 30-A Rated Continuous Collector Current 



absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

2N5671 2N5672 


Collector-Emitter Voltage (Vbe = -1.5 V, See Note 1) 120 V* 150 V* 

Collector-Emitter Voltage (Base Open, See Note 1) 90 V 120 V 

Emitter-Base Voltage 7 V* 7 V* 

Continuous Collector Current ^ — 30 A* — ♦ 

Continuous Base Current * 10 A* ► 


Safe Operating Area at Specified Temperatures See Figure 6 

Continuous Device Dissipation at (or below) 25°C Case Temperature (see Note 3) <+ — 140 W* ► 

Continuous Device Dissipation at 100°C Case Temperature (see Note 3) 80 W* ► 

Continuous Device Dissipation at (or below) 25° C Free- Air Temperature (see Note 4) ... 5 W ► 

Unclamped Inductive Load Energy (see Note 5) * — 20 mJ* ► 

Operating Collector Junction Temperature Range .* — 65°C to 200°C* 

Storage Temperature Range — 65°C to 200°C* 

Terminal Temperature 1/32 Inch from Case for 10 Seconds — 230° C* ► 


NOTES: 1. These values apply only when the collector-emitter voltage is applied with the transistor in the off-state with the base-emitter 
diode reverse-biased or open-circuited, as specified. In operation, the limitations of Figure 6 must be observed. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200° C case temperature at the rate of 0.8 W/°C or refer to Dissipation Derating Curve, Figure 7. 

4. Derate linearly to 200° C free-air temperature at the rate of 28.6 mW/°C or refer to Dissipation Derating Curve, Figure 8. 

5. This rating is based on the capability of the transistor to operate safely in the circuit of Figure 5, condition 1. L= 180 fj. H, 
R BB2 = 20 Cl, V BB2 = 4 V, R S = 0.1 Cl, V cc = 10 V, Energy = l c 2 L/2. 


*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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TYPES 2N5671, 2N5672 

N-P-N SILICON POWER TRANSISTORS 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N5671 

2N5672 

UNIT 

MIN MAX 

MIN MAX 

V(BR)CEO Collector-Emitter Breakdown Voltage 

lc = 200 mA, Ib = 0, See Note 6 

90 

120 

V 

V(BR)CEV Collector-Emitter Breakdown Voltage 

IC“ 200 mA, See Figure 5 (Condition 2) 

120 

150 

V 

•CEV Collector Cutoff Current 

V CE = 110 V, V BE = -1.5V 

12 


mA 

V CE = 135 V, V BE = -1.5 V 


10 

V CE = 100V, V BE = — 1.5 V, T C =150°C 

15 

10 

lEBO Emitter Cutoff Current 

v EB = 7V, lc = 0 

10 

10 

mA 

h EE Static Forward Current T ransfer Ratio 

v CE~2V, Iq=15A, See Notes 6 and 7 

20 100 

20 100 


Vbe Base-Emitter Voltage 

l B =1.2A, lc=15A, See Notes 6 and 7 

1.5 

1.5 

V 

VcE(sat) Collector-Emitter Saturation Voltage 

l B = 1.2A, IC = 15A, See Notes 6 and 7 

0.75 

0.75 

V 

^ | Small-Signal Common-Emitter 

e Forward Current Transfer Ratio 

V C E = 10V, lc=2A, f = 5 MHz 

10 

10 




^switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

MAX 

UNIT 

t r Rise Time 

IC«15A, l B(1) = 1.2A, I b(2 )~-1.2A, 

v BE(off) = — 6 V, R|_ = 2i2, See Figure 4 

0.5 

US 

t s Storage Time 

1.5 

tf Fall Time 

0.5 


*JEDEC registered data 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 


BASE-EMITTER VOLTAGE 


COLLECTOR-EMITTER SATURATION VOLTAGE 



0.1 0.4 1 4 10 40 100 

1C— Collector Current-A 




0.1 0.4 1 4 10 40 100 0.1 0.4 1 4 10 40 100 

IC-Collector Cyrrent-A IC-Collector Current-A 


FIGURE 1 


FIGURE 2 


FIGURE 3 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 M s, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 
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TYPES 2N5671, 2N5672 
N-P-N SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 



TEST CIRCUIT 


~3V -y 

-6 V 


INPUT 


10 % 


iSJ\i ^/To 

\ /out 

90% * 90% 


10% 

OUTPUT 


VOLTAGE WAVEFORMS 


NOTES: A. The V gen waveform is supplied by a generator with the following characteristics: t r < 20 ns, tf < 20 ns, t w = 5 jus, duty 
cycle = 0.2%. 

B. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, Rj n > 10 Mft, Cj n < 1 1.5 pF. 

C. Resistor must be noninductive types. 

D. The d-c power supplies may require additional bypassing in order to minimize ringing. 


FIGURE 4 


INDUCTIVE LOAD SWITCHING 



CIRCUIT CONDITIONS 


CONDITION 

r bbi 

r BB2 

V BB1 

V BB2 

V CC 

•cm 

J- 

tw 

DUTY CYCLE 

1 

8.2 ft 

20 ft 

10 V 

4 V 

10 V 

15 A 

4— 

X 

E 

00 

o' 

0.3 ms 

5% 

2 

110ft 

50 ft 

6 V 

1.5 V 

50 V 

0.2 A 

2 mH 

8 ms 

50% 


NOTE A: Input pulse width is increased until Iq = IcM- Tq= 86 at 1.4 MHz. 


1271 

Texas Instruments 5- 

INCORPORATED 


POST OFFICE BOX 5012 


DALLAS, TEXAS 75222 



TYPES 2N5671, 2N5672 

N-P-N SILICON POWER TRANSISTORS 



MAXIMUM SAFE OPERATING AREA 



1 2 4 7 10 20 40 70 100 200 400 


Vce - C ollector-Emitter Voltage— V 

NOTE 8: Areas defined by dashed lines apply for nonrepetitive-pulse operation at Tq < 25°C. The pulse may be repeated after the device 
has regained thermal equilibrium. 


FIGURE 6 

THERMAL INFORMATION 


CASE TEMPERATURE 



0 25 50 75 100 125 150 175 200 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 
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0 25 50 75 100 125 150 175 200 


Tc-Case Temperature— °C 


TA-Free-Air Temperature— °C 


FIGURE 7 


FIGURE 8 
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TYPES 2N5683, 2N5684 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


^mechanical 

The case 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N5685, 2N5686 

• 300 Watts at 25° C Case Temperature 

• 50-A Rated Continuous Collector Current 

• Min fj of 2 MHz at 10 V, 5 A 

data 

outline falls within JEDEC-TO-3 except for lead diameter. 

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 




DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

2N5683 2N5684 

*Collector-Base Voltage -60 V —80 V 

*Collector-Emitter Voltage (See Note 1 ) —60 V —80 V 

* Emitter-Base Voltage —5 V —5 V 

^Continuous Collector Current + 50 A — ► 

^Continuous Base Current + 15 A ► 

^Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 2) + — 300 W — ► 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) ... 5 W ► 

^Operating Collector Junction Temperature Range — 65°C to 200°C 

*Storage Temperature Range — 65°C to 200°C 

* Terminal Temperature 1/16 Inch from Case for 10 Seconds ^ 235°C — ► 

NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. Derate linearly to 200°C case temperature at the rate of 1.715 W/°C or refer to Dissipation Derating Curve, Figure 1. 

3. Derate linearly to 200°C free-air temperature at the rate of 28.6 mW/°C or refer to Dissipation Derating Curve, Figure 2. 

•JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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TYPES 2N5683, 2N5684 

P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N5683 

2N5684 

UNIT 

MIN MAX 

MIN MAX 

Collector-Emitter 
v (BR)CEO Breakdown Voltage 

IC = — 200 mA, 1 b = 0, See Note 6 

-60 

-80 

V 

'CEO Collector Cutoff Current 

V C e = -30V, l B = 0 

-1 


mA 

V C e = -40V, l B = 0 


-1 

*CEV Collector Cutoff Current 

V C e = -60V, V be = 1.5 V 

-2 


mA 

V CE = -80V, V BE =1.5V 


-2 

V C E = -60V, V BE = 1.5 V, T C =150°C 

-10 


V C e = ~80V, V bE = 1.5 V, T C =150°C 


-10 

•CBO Collector Cutoff Current 

V cb = -60V, l E = 0 

-2 


mA 

V CB = -80 V, l E = 0 


-2 

*EBO Emitter Cutoff Current 

V EB = -5V, l C = 0 

-5 

-5 

mA 

Static Forward Current 

hpE 

Transfer Ratio 

V C E = -2V, Iq = —25 A 

See Notes 6 and 7 

15 60 

15 60 


V CE = -5V, l C =-50A 

5 

5 

V BE Base-Emitter Voltage 

l B = —2.5 A, l C = ~25A 

See Notes 6 and 7 

-2 

-2 

V 

V C e = -2V, 1 q = —25 A 

-2 

-2 

Collector-Emitter 

VcE(sat) Saturation Voltage 

l B = —2.5 A, l C = ~25A 

See Notes 6 and 7 

-1 

-1 

v 

l B = -10A, l C =-50A 

-5 

-5 

Small-Signal Common-Emitter 

h-f a 

Forward Current Transfer Ratio 

V C e = -5V, l c = -10A, f = 1 kHz 

15 

15 


■ . Small-Signal Common-Emitter 

e! Forward Current Transfer Ratio 

V CE = -10V / l C = -5A, f = 1 MHz 

2 

2 


Common-Base Open-Circuit 
^obo Output Capacitance 

V CB = -10V, l E = 0, f= 0.1 MHz 

2000 

2000 

pF 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jU s, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


THERMAL INFORMATION 


CASE TEMPERATURE 
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Tc— Case Temperature— °C 

FIGURE 1 


8 

Q 


O 

3 

§ 


c 

o 

o 


I 
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TYPES 2N5685, 2N5686 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


f FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N5683, 2N5684 

• 300 Watts at 25°C Case Temperature 

• 50-A Rated Continuous Collector Current 

• Min fy of 2 MHz at 10 V, 5 A 

*mechanical data 




absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

2N5685 2N5686 


Collector-Base Voltage 60 V 80 V 

*Collector-Emitter Voltage (See Note 1 ) 60 V 80 V 

*Emitter-Base Voltage 5 V 5 V 

Continuous Collector Current « - 50 A ^ 

* Continuous Base Current + 15 A ► 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 2) + 300 W — ► 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) ... + 5 W ► 

Cperating Collector Junction Temperature Range — 65°C to 200°C 

^Storage Temperature Range — 65° C to 200° C 

* Terminal Temperature 1/16 Inch from Case for 10 Seconds + — 235°C — ► 


NOTES: 1 . These values apply when the base-emitter diode is open-circuited. 

2. Derate linearly to 200 C case temperature at the rate of 1.715 W/°C or refer to Dissipation Derating Curve, Figure 1. 

3. Derate linearly to 200 C free-air temperature at the rate of 28.6 mW/°C or refer to Dissipation Derating Curve, Figure 2. 

*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 


The case outline falls within JEDEC-TO-3 except for lead diameter. 
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TYPES 2N5685, 2N5686 

N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


“electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 



2N5685 

2N5686 

UNIT 




MIN 

MAX 

MIN 

MAX 

v (BR)CEO 

Collector-Emitter 

Breakdown Voltage 

1C = 200 mA, 

03 

o 

See Note 6 

60 

80 

V 

! ceo 

Collector Cutoff Current 

V CE = 30 V, 

I B = 0 


1 


mA 

Vce = 40 V, 

•b = o 



1 



V C E = 60 V, 

V B e = -1.5 V 


2 



‘CEV 

Collector Cutoff Current 

v C e = so v. 

V B E = -1.5 V 



2 

mA 

V CE = 60 V, 

V BE = —15 V, 

T C = 150°C 

10 




V CE = 80 V, 

V B e = -1-5 V, 

T C = 150°C 


10 


•CBO 

Collector Cutoff Current 

Vqb = 60 V, 

l E = 0 


2 


mA 

V CB = 80 V, 

l E = 0 



2 

'EBO 

Emitter Cutoff Current 

V E B = 5V, 

I C =0 


5 

5 

mA 

h FE 

Static Forward Current 

Vce = 2 v, 

l C ~ 25 A 


15 

60 

15 

60 


Transfer Ratio 

v C E = 5 v, 

l C = 50 A 

See Notes 6 end 7 

5 

5 


V B E 

Base-Emitter Voltage 

l B = 2.5 A, 

l C = 25 A 

See Notes 6 and 7 

2 

2 


V C E = 2 V, 

l C = 25 A 

2 

2 

V 

v CE(sat) 

Collector-Emitter 

l B = 2.5A, 

l C =25A 

See Notes 6 and 7 

1 

1 

V 

Saturation Voltage 

l B = 1°A, 

l C = 50 A 

5 

5 

I h fe| 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

Vce = 5 V, 

l C = 10 A, 

f = 1 kHz 

15 

15 


hfe 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

vce = io v, 

IC=5A, 

f = 1 MHz 

2 

2 


Cobo 

Common-Base Open-Circuit 
Output Capacitance 

V C B= 10 V, 

1 E = 0, 

f = 0.1 MHz 

1200 

1200 

pF 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 fi s, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 
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TYPES 2N5758, 2N5759, 2N5760 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
RECOMMENDED FOR COMPLEMENTARY USE WITH TIP544, TIP545, TIP546 

• 150 W at 25°C Case Temperature 

• 6-A Rated Continuous Collector Current 

• Min fj of 1 MHz at 20V, 0.5 A 


"mechanical data 


The case outline falls within JEDEC TO-3. 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



DIMENSIONS ARE IN INCHES 


5 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

2N5758 2N5759 2N5760 


"Collector-Base Voltage 100 V 120 V MOV 

"Collector-Emitter Voltage (See Note 1) 100 V 120 V MOV 

"Emitter-Base Voltage 7 V 7 V 7 V 

"Continuous Collector Current ** 6 A ► 

"Peak Collector Current (See Note 2) ◄ 10 A ► 

"Continuous Base Current 4 A ► 

"Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) . . 150 W ► 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) + 5W ► 

"Operating Collector Junction Temperature Range — 65°C to 200°C 

"Storage Temperature Range -65 C to 200 C 

"Terminal Temperature 1/16 Inch from Case for lOSeconds. + 235 C ► 


NOTES: 1 . These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200° C case temperature at the rate of 0.857 W/°C. 

4. Derate linearly to 200°C free-air temperature at the rate of 28.6 mW/°C. 


* JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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TYPES 2N5758, 2N5759, 2N5760 

N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N5758 

2N5759 

2N5760 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

Collector-Emitter 
v (BR)CEO Breakdown Voltage 

IC= 200 mA, l B = 0, See Note 5 

100 

120 

140 

V 

•CBO Collector Cutoff Current 

V CB =100V, l E = 0 

1 



mA 

V CB =120V, l E = 0 


1 


V CB = 140 V, l E = 0 



1 

*CEO Collector Cutoff Current 

V CE = 50V, l B = 0 

1 



mA 

V CE = 60 V, l B = 0 


1 


V CE = 70V, l B = 0 



1 

*CEV Collector Cutoff Current 

V CE =100V, V BE — —1.5 V 

1 



mA 

V C E = 120 V, V BE = — 1.5 V 


1 


V CE =140V, V BE = -1.5 V 



1 

V C E=1°0V, V BE = -1.5 V, T C = 150°C 

5 



V CE = 12° V, V BE = —1.5 V, T C = 150°C 


5 


V CE = 140 V, V BE = —1.5 V, T C = 150°C 



5 

•EBO Emitter Cutoff Current 

V EB = 7V, l C = 0 

1 

1 

1 

mA 

Static Forward Current 

hpE 

Transfer Ratio 

V C E = 2 V, l C = 3 A 

See Notes 5 and 6 

25 100 

o 

CO 

o 

CM 

15 60 


V CE = 2V, l C = 6 A 

5 

5 

5 

Vbe Base-Emitter Voltage 

^CE “ 2 V, lc = 3A, See Notes 5 and 6 

1.5 

1.5 

1.5 

V 

Collector-Emitter 

CE(sat) Saturation Voltage 

l B = 0.3 A, lc=3A 

See Notes 5 and 6 

1 

1 

1 

V 

l B = 1.2 A, I C = 6A 

2 

2 

2 

Small-Signal Common-Emitter 

hf 0 

Forward Current Transfer Ratio 

V CE =10V, l C =2A, f = 1 kHz 

15 

15 

15 


. , Small-Signal Common-Emitter 

hf e 

Forward Current Transfer Ratio 

V CE = 20 V, l c = 0.5 A, f= 0.5 MHz 

2 

2 

2 


Common-Base Open-Circuit 
° K> Output Capacitance 

V CB =10V, Ie = 0, f= 0.1 MHz 

300 

300 

300 

pF 


NOTES: 5. These parameters must be measured using pulse techniques. t w - 300 jus, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from device body. 
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TYPES 2N5867, 2N5868 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N5869, 2N5870 


• 87.5 Watts at 25° C Case Temperature 

• 5-A Rated Continuous Collector Current 

• Min fj of 4 MHz at 10 V, 0.25 A 

• 62.5-mJ Reverse Energy Rating 


*mechanical data 


ALL JEDECTO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



ALL DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) 

Continuous Base Current 

Safe Operating Area at (or below) 25°C Case Temperature 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) . . . . 

Unclamped Inductive Load Energy (See Note 5) 

Operating Collector Junction Temperature Range 

Storage Temperature Range 

Terminal Temperature 1/16 Inch from Case for 10 Seconds 


2N5867 2N5868 

—60 V* —80 V* 
—60 V* —80 V* 
— 5 V* — 5 V* 

See Figure 1 
-87.5 W* — ► 

+ 5 W ► 

* — 62.5 mJ — ► 
— 65°C to 200°C* 
— 65°C to 200° C* 
— 250°C* ► 


5 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 1 ms, duty cycle < 1 0%. 

3. Derate linearly to 200°C case temperature at the rate of 0.5 mW/°C. 

4. Derate linearly to 200°C free-air temperature at the rate of 28.6 mW/°C. 

5. This rating is based on the capability of the transistors to operate safely in the undamped-inductive load circuit of Section 3.2 of 
the forthcoming jedec publication Suggested Standards on Power Transistors .$ L = 20 mH, R B bi = 20 £2, R BB2 = 100 
V BB1 = 10 V, V BB2 = 0 V, Rj_ = 0.1 ft, V cc = 10 V, l CM = -2.5 A, Energy « l c 2 L/2. 


JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
i’Texas Instruments guarantees this value in addition to the JEDEC registered value which is also shown. 

$This circuit appears on page 5-1 of this data book. 
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TYPES 2N5867, 2N5868 

P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


* electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N5867 

2N5868 

UNIT 

MIN MAX 

MIN MAX 

.. Col lector- Emitter 

(BR)CEO Breakdown Voltage 

lc = -100 mA, 1 b = 0, See Note 6 

-60 

-80 

V 

'CEO Collector Cutoff Current 

Vce = -30V, Ib = 0 

-0.5 


mA 

VcE = -40V, l B = 0 


-0.5 

*CEV Collector Cutoff Current 

v ce = - 60 v, v B e = 1.5 v 

-0.1 


mA 

VcE = —80 V, Vbe® 1.5 V 


-0.1 

V C £ = -60 V, Vbe = 1.5 v, T C = 150 6 c 

-2 


VcE = -80 V, Vbe = 1.5 V, T C = 150*0 


-2 

IqBO Collector Cutoff Current 

V CB = -60V f Ie = o 

-0.1 


mA 

VCB = —80 V, Ie = o 


-0.1 

lEBO Emitter Cutoff Current 

V E b = -5V, Ic = 0 

-1 

-1 

mA 

Static Forward Current 

Transfer Ratio 

V C e = -4V, l C = -300 mA 

See Notes 6 and 7 

35 

35 


V CE = -4V, Ic = -1.5 A 

20 100 

20 100 

V C e = -4V, lc = -3A 

5 

5 

Vbe Base-Emitter Voltage 

lB = -200 mA, lc = -2A 

See Notes 6 and 7 

-1.6 

-1.6 

V 

VcE = ~4V, lc = -3A ( 

-2 

-2 

Co Hector- Emitter 

CE(sat) Saturation Voltage 

l B = -200 mA, l C = — 2 A 

See Notes 6 and 7 

-1 

-1 

V 

l B = —0.6 A, l C = -3A 

-2 

-2 

Small-Signal Common-Emitter 
e Forward Current Transfer Ratio 

V C e = -4V, Ic = —0.25 A, f = 1 kHz 

20 

20 


I | Small-Signal Common-Emitter 

e Forward Current Transfer Ratio 

VCE = — 10 V, Ic = —0.25 A, f = 1 MHz 

4 

4 


Common-Base Open-Circuit 
obo Output Capacitance 

VCB = — 10 V, l E = 0, f = 1 MHz 

200 

200 

pF 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


^switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* 1 

MIN MAX 

UNIT 

tr 

Rise Time 

lC = —1-5 A, 
VBE(off) = 5 V, 

1 B( 1 ) = -0.15 A, Ib(2) = 0.15A, 

Rl_ = 20£2, See Note 8 

0.7 


ts 

Storage Time 

1 

MS 

tf 

Fall Time 

0.8 



^Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 

*JEDEC registered data. 

TsIOTE 8: These characteristics are measured in the circuit of clause 3.3.13.2 of the forthcoming JEDEC publication Suggested Standards on 


Power Transistors, t v BB1 = 25 V, v BB2 = 5 V, V cc = 30 V, v on - -23 V, R BB1 = 73 ft, R BB2 = 39 ft. 
$This circuit appears on page 5-1 of this data book. 
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TYPES 2N5869, 2N5870 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


■ FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 

I DESIGNED FOR COMPLEMENTARY USE WITH 2N5867, 2N5868 

I • 87.5 Watts at 25° C Case Temperature 

• 5-A Rated Continuous Collector Current 

• Min fj of 4 MHz at 10 V, 0.25 A 

• 62.5-mJ Reverse Energy Rating 

^mechanical data 


ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 




absolute maximum ratings at 25° C case temperature (unless otherwise noted) 


2N5869 2N5870 


Collector-Base Voltage 60 V* 80 V* 

Collector-Emitter Voltage (See Note 1) 60 V* 80 V* 

Emitter-Base Voltage 5 V* 5 V* 

{ 5 A^l 
3 A*l — ^ 

Peak Collector Current (See Note 2) + 7 A ► 

Continuous Base Current ^ 1 A* ► 

Safe Operating Area at (or below) 25°C Case Temperature See Figure 1 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) -+ — 87.5 W* — ► 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) .... 5W ► 

Unclamped Inductive Load Energy (See Note 5) — 62.5 mJ — ► 

Operating Collector Junction Temperature Range — 65° C to 200°C* 

Storage Temperature Range — 65° C to 200°C* 

Terminal Temperature 1/16 Inch from Case for 10 Seconds — 250°C* — ► 


5 


NOTES: 


1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 1 ms, duty cycle < 1 0%. 

3. Derate linearly to 200°C case temperature at the rate of 0.5 mW/°C. 

4. Derate linearly to 200°C free-air temperature at the rate of 28.6 mW/ C. 

5. This rating is based on the capability of the transistors to operate safely in the undamped-inductive load circuit of Section 3.2 of 
the-fothcoming JEDEC publication Suggested Standards on Power Transistors.t L = 20 mH, R BB1 = 20 ft, Rbb 2 = 100 
V BB1 = 10 V, V BB2 = 0 V, R|_ = 0.1 ft, V cc = 10 V, l CM = 2.5 A. Energy « \q 2 U2. 


* JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
^Texas Instruments guarantees this value in addition to the JEDEC registered value which is also shown. 

$This circuit appears on page 5-1 of this data book. 
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TYPES 2N5869, 2N5870 

N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


^electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 




2N5869 

2N5870 




MIN 

MAX 

MIN 

MAX 


V(BR)CEO 

Collector-Emitter 

Breakdown Voltaqe 

1C = 100 mA, 

00 

II 

o 

See Note 6 

60 

80 

V 

'CEO 

Collector Cutoff Current 

Vce = 30 V, 

lB = 0 


0.5 


mA 

Vce = 40V, 

00 

o 



0.5 



Vce = 60v, 

V B E = -1.5 V 


0.1 



'CEV 


v C e = 80v, 

V B E = -1-5 V 



0.1 

mA 

Collector Cutoff Current 

vce = eov, 

V B E = -1.5 V, 

T C = 150°C 

2 




vce = 80 v, 

Vbe = -1-5V, 

Tc= 150°C 


2 


'CBO 

Collector Cutoff Current 

V C B = 60 V, 

i E = o 


0.1 


mA 

Vcb = 80 V, 

o 

ii 

UJ 



0.1 

'EBO 

Emitter Cutoff Current 

Veb - 5 V, 

ic = o 


1 

1 

mA 


Static Forward Current 

Transfer Ratio 

Vce = 4V, 

1C = 300 mA 


35 

35 


h F E 

Vce = 4V, 

IC= 1.5 A 

See Notes 6 and 7 

20 

100 

20 

100 



Vce = 4 V, 

IC = 3 A 


5 

5 


VBE 

Base-Emitter Voltage 

IB = 200 mA, 

IC = 2 A 

See Notes 6 and 7 

1.6 

1.6 

V 

v C e = 4 v, 

IC = 3 A 

2 

2 

VCE(sat) 

Collector-Emitter 

lB = 200 mA, 

1C = 2 A 

See Notes 6 and 7 

1 

1 

v 

Saturation Voltage 

lB = 0.6A, 

IC = 3 A 

2 

2 


hf e 

Small-Signal Common-Emitter 
Forward Current Transfer Ratio 

vce = 4 v. 

IC = 0.25 A, 

f = 1 kHz 

20 

20 


Nel 

Small-Signal Common-Emitter 
Forward Current Transfer Ratio 

vce = iov, 

IC = 0.25 A, 

f = 1 MHz 

4 

4 


Co bo 

Common-Base Open-Circuit 
Output Capacitance 

V C B= io V, 

o' 

it 

LU 

f = 1 MHz 

150 

150 

PF 


NOTES; 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


^switching characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONS* 

MIN MAX 

UNIT 

tr 

Rise Time 

IC=1.5A, l b ( 1 ) = 0.15 A, Ib(2) = -0.15 A, 

Vbe (off) = —5 V, Rl = 20O, See Note 8 

0.7 


t S 

Storage Time 

1 

MS 

tf 

Fall Time 

0.8 



* Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


*JEDEC registered data. 

NOTE 8: These characteristics are measured in the circuit of clause 3.3.13.2 of the forthcoming JEDEC publication Suggested Standards on 


Power Transistors. $ V BB1 = 25 V ( V BB2 = 5 V, Vcc = 30 v » v on = 23 v , R BB1 = 73 R BB2 ~ 39 
$This circuit appears on page 5-1 of this data book. 
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TYPES 2N5871, 2N5872 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


I FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 

I DESIGNED FOR COMPLEMENTARY USE WITH 2N5873, 2N5874 

I *115 Watts at 25° C Case Temperature 

I • 7-A Rated Continuous Collector Current 

• Min fj of 4 MHz at 10 V, 0.25 A 

• 62.5-mJ Reverse Energy Rating 

*mechanical data 


ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



DIMENSIONS ARE IN INCHES 


5 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

2N5871 2N5872 

Collector-Base Voltage —60 V* —80 V* 

Collector-Emitter Voltage (See Note 1) —60 V* —80 V* 

Emitter-Base Voltage -5 V* — 5 V* 

Continuous Collector Current .... - 

Peak Collector Current (See Note 2) 10 A ► 

Continuous Base Current + 1 .5 A* — ► 

Safe Operating Area at (or below) 25°C Case Temperature See Figure 1 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) <+ 115 W* ► 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) . . . . ** 5 W ► 

Unclamped Inductive Load Energy (See Note 5) + 62.5 mJ— ► 

Operating Collector Junction Temperature Range — 65° C to 200°C* 

Storage Temperature Range — 65°C to 200°C* 

Terminal Temperature 1/16 Inch from Case for 10 Seconds 250°C* ► 


NOTES: 


1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 1 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 0.66 W/°C. 

4. Derate linearly to 200°C free-air temperature at the rate of 28.6 mW/°C. 

5. This rating is based on the capability of the transistors to operate safely in the undamped-inductive load circuit of Section 3.2 of 
the forthcoming JEDEC publication Suggested Standards on Power Transistors .$ L = 20 mH, Rbbi = 20 fi, RbB2 = 100 £2, 
V BB1 = 10 V, V BB2 = 0 V, R l = 0.1 n, V cc =10V,I CM = -2.5 A. Energy « l C 2 L/2. 


* JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
iTexas Instruments guarantees this value in addition to the JEDEC registered value which is also shown. 

1-This circuit appears on page 5-1 of this data book. 
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TYPES 2N5871, 2N5872 

P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


^electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N5871 

2N5872 

UNIT 

MIN MAX 

MIN MAX 

Col lector- Emitter 
(BR)CEO Breakdown Voltage 

Iq = — 0. 1 A, l B = 0, See Note 6 

-60 

-80 

V 

•CEO Collector Cutoff Current 

VCE = -30V, l B = 0 

-0.5 


mA 

VcE = -40V, l B = 0 


-0.5 

ICEV Collector Cutoff Current 

V C e = -60V, V B £ = 1.5 V 

-0.25 


mA 

V C e = -80V, V B e = 1.5 V 


-0.25 

VcE = -60 V, V B e = 1.5 V, Tq = 150°C 

-2 


VcE = -80 V, V B e = 1.5 V, Tq = 150 U C 


-2 

*CBO Collector Cutoff Current 

Vcb = — 60 V, Ie = 0 

-0.25 


mA 

Vcb = -80V, Ie = 0 


-0.25 

'EBO Emitter Cutoff Current 

Veb = -5V, l C = 0 

-1 

-1 

mA 

Static Forward Current 
” Transfer Ratio 

V C e = -4V, lc = -0.5A 

See Notes 6 and 7 

35 

35 


V C e = -4V, Ic = -2.5A 

20 100 

20 100 

VCE = —4 V, lc = -5A 

5 

5 

Vbe Base-Emitter Voltage 

l B =—0.4 A, |c = — 4 A 

See Notes 6 and 7 

-1.6 

-1.6 

V 

V C e = -4V, lc=-5A 

-2 

-2 

Collector-Emitter 

CE(sat) Saturation Voltage 

l B = —0.4 A, 1C = — 4 A 

See Notes 6 and 7 

-1 

-1 

V 

Ib=-1A, IC=-5A 

-2 

-2 

Small-Signal Common-Emitter 
te Forward Current Transfer Ratio 

Vce = - 4V, lc=-0.5A, f = 1 kHz 

20 

20 


■ 1 Small-Signal Common-Emitter 

' ' e ' Forward Current Transfer Ratio 

VcE = — 10 V, lc=-0.25A, f = 1 MHz 

4 

4 


Common-Base Open-Circuit 

0 * 30 Output Capacitance 

Vcb = — io v, ie = o, f= i mhz 

300 

300 

pF 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 /us, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


*switching characteristics at 25° C case temperature 


j PARAMETER 

TEST CONDITIONS 1- 

MIN MAX 

UNIT 

tr 

Rise Time 

1C = —2.5 A, l B (i) = -0.25 A, l B (2) = 0.25 A, 

VBE(off)=4.6V, R L =12ft, See Note 8 

0.7 


t S 

Storage Time 

1 

jUS 

tf 

Fall Time 

0.8 



^Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 

*JEDEC registered data. 

NOTE 8: These characteristics are measured in the circuit of clause 3.3.13.2 of the forthcoming JEDEC publication Suggested Standards on 
Power Transistors * V BB1 = 24 V, V BB2 = 4.6 V, V cc = 30 V, V on = 22.5 V, R BB1 = 43 ft, R BB2 = 22 ft. 

$This circuit appears on page 5-1 of this data book. 


MAXIMUM SAFE OPERATING AREA 


THERMAL CHARACTERISTICS 



-10 -20 -40 -70 -100 

VcE~ Collector-Emitter Voltage-V 



FIGURE 1 


FIGURE 2 
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TYPES 2N5873, 2N5874 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N5871, 2N5872 


• 115 Watts at 25° C Case Temperature 

• 7 -A Rated Continuous Collector Current 


* mechanical data 


• Min fj of 4 MHz at 10 V, 0.25 A 

• 62.5-mJ Reverse Energy Rating 


ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



DIMENSIONS ARE IN INCHES 


5 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

2N5873 2N5874 

Collector-Base Voltage 60 V* 80 V* 

Collector-Emitter Voltage (See Note 1) 60 V* 80 V* 

Emitter-Base Voltage 5 V* 5 V* 

r 7 A t\ 

Continuous Collector Current + — ^ ^ — ► 

Peak Collector Current (See Note 2) + 10 A ► 

Continuous Base Current + 1 .5 A* ► 

Safe Operating Area at (or below) 25°C Case Temperature See Figure 1 

Continuous Device Dissipation at (or below) 25° C Case Temperature (See Note 3) + 115 W* ► 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) .... + 5W ► 

Unclamped Inductive Load Energy (See Note 5) + 62.5 mJ ► 

Operating Collector Junction Temperature Range — 65° C to 200°C* 

Storage Temperature Range -65° C to 200° C* 

Terminal Temperature 1/16 Inch from Case for 10 Seconds ^ 250°C* ► 


NOTES: 


1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 1 ms, duty cycle < 1 0%. 

3. Derate linearly to 200°C case temperature at the rate of 0.66 W/°C. 

4. Derate linearly to 200° C free-air temperature at the rate of 28.6 mW/ C. 

5. This rating is based on the capability of the transistors to operate safely in the undamped-inductive load circuit of Section 3.2 of 
the forthcoming JEDEC publication Suggested Standards on Power Transistors. % L = 20 mH, Rbbi = 20 R BB2 = 100 ft, 
V BB1 = 10 v ' V BB2 = 0 V, R L = 0.1 ft, V cc = 10 V, l CM = 2.5 A. Energy « l c 2 L/2. 


* JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
I’Texas Instruments guarantees this value in addition to the JEDEC registered value which is also shown. 

$This circuit appears on page 5-1 of this data book. 
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TYPES 2N5873, 2N5874 

N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


^electrical characteristics at 25° C case temperature (unless otherwise noted) 






2N5873 

2N5874 







MIN 

MAX 

MIN 

MAX 


V(BR)CEO 

Collector-Emitter 

Breakdown Voltage 

• C = 0.1 A, 

1 B = 0, 

See Note 6 

60 

80 

V 

»CEO 

Collector Cutoff Current 

VcE = 30 V, 

00 

it 

o 


0.5 


mA 

Vqe = 40 V, 

03 

O 



0.5 



V C E = 60V, 

V B E = -1.5 V 


0.25 



•CEV 


VcE = 80V, 

V B E = -1.5V 



0.25 

mA 

Collector Cutoff Current 

Vce = 60 V, 

VbE = -1-5V, 

T C = 150°C 

2 




VCE = 80 V, 

V B e = -1.5 V, 

Tc= 150°C 


2 


'CBO 

Collector Cutoff Current 

Vcb = 60V, 

l E = 0 


0.25 


mA 

Vcb = 80V, 

o 

n 

LU 



0.25 

'EBO 

Emitter Cutoff Current 

Veb = 5V, 

o 

II 

o 


1 

1 

mA 


Static Forward Current 

Transfer Ratio 

vce = 4 v, 

l C = 0.5 A 


35 

35 


h FE 

V C E = 4V, 

i C = 2.5 A 

See Notes 6 and 7 

20 

100 

20 

100 



Vce = 4V, 

lC = 5 A 


5 

5 


VBE 

Base-Emitter Voltage 

l B =0.4 A 

l C = 4 A 

See Notes 6 and 7 

1.6 

1.6 

\j 

V C E = 4V, 

l C = 5 A 

2 

2 


VCE(sat) 

Collector-Emitter 

l B = 0.4 A, 

l C = 4 A 

See Notes 6 and 7 

1 

1 

' \j 

Saturation Voltage 

lB = 1 A, 

l C = 5 A 

2 

2 


hfe 

Small-Signal Common-Emitter 
Forward Current Transfer Ratio 

Vce = 4V, 

IC = 0.5 A, 

f = 1 kHz 

20 

20 


Nel 

Small-Signal Common-Emitter 
Forward Current Transfer Ratio 

V C E= 10 V, 

IC= 0.25 A, 

f = 1 MHz 

4 

4 


Cq bo 

Common-Base Open-Circuit 
Output Capacitance 

V C B= 10 V, 

l E = 0, 

f = 1 MHz 

200 

200 

pF 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


*switching characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONS* 

MIN MAX 

UNIT 

tr 

Rise Time 

IC = 2.5A, 1 b ( 1 ) = 0.25 A, Ib(2) = -0.25 A, 

v BE(off) =-4.6 V, R|_ = 12 SI, See Note 8 

0.7 


ts 

Storage Time 

1 

MS 

tf 

Fall Time 

0.8 



^Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 

* JEDEC registered data. 

NOTE 8: These characteristics are measured in the circuit of clause 3.3.13.2 of the forthcoming JEDEC publication Suggested Standards on 


Power Transistors^ . Vgei = 24 Vbb2 = 4.6 v, v cc = 30 V, v on = 22.5 v, Rbbi = 43 Si, Rbb2 = 22 
$This circuit appears on page 5-1 of this data book. 



260 Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 . DALLAS, TEXAS 75222 


PRINTED IN U.S.A. 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 





TYPES 2N5875, 2N5876 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


■ FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 

I DESIGNED FOR COMPLEMENTARY USE WITH 2N5877, 2N5878 

I • 150 Watts at 25° C Case Temperature 

I • 10-A Rated Continuous Collector Current 

• Min fj of 4 MHz at 10 V f 0.5 A 

• 62.5-mJ Reverse Energy Rating 

*mechanical data 



absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


2N5875 2N5876 

Collector-Base Voltage —60 V* —80 V* 

Collector-Emitter Voltage (See Note 1) . —60 V* -80 V* 

Emitter- Base Voltage — 5 V* — 5 V* 

r-IOAtl 

Continuous Collector Current — s _ — ► 

L-8 A*J 

Peak Collector Current (See Note 2) 15 A ► 

Continuous Base Current 2 A* ► 

Safe Operating Area at (or below) 25°C Case Temperature -*—See Figure 1 -► 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) 150 W* 

Continuous Device Dissipation at (Or below) 25°C Free-Air Temperature (See Note 4) .... -+ 5 W ► 

Unclamped Inductive Load Energy (See Note 5) ** 62.5 mJ — ► 

Operating Collector Junction Temperature Range — 65° C to 200°C* 

Storage Temperature Range — 65° C to 200° C* 

Terminal Temperature 1/16 Inch from Case for 10 Seconds *+ 250°C* ► 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 1 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 0.857 W/°C. 

4. Derate linearly to 200°C free-air temperature at the rate of 28.6 mW/°C. 

5. This rating is based on the capability of the transistors to operate safely in the undamped-inductive load circuit of Section 3.2 of 
the forthcoming JEDEC publication Suggested Standards on Power Transistors .$ L = 20 mH, r bb1 = 20 ^l> Rbb2 = 100 
V BB1 = 10 V, V BB2 = 0 V, R l - 0.1 X2, V cc = 10 V, l CM = -2.5 A. Energy « lc 2 L-/2. 


*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
1"Texas Instruments guarantees this value in addition to the JEDEC registered value which is also shown. 

$This circuit appears on page 5-1 of this data book. 
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TYPES 2N5875, 2N5876 

P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


*electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N5875 

2N5876 

UNIT 

MIN MAX 

MIN MAX 

Col lector- Emitter 
(BR)CEO Breakdown Voltage 

1C = —0.2 A, 1 b = 0, See Note 6 

-60 

-80 

V 

•CEO Collector Cutoff Current 

Vce = -30V, l B = 0 

-1 


mA 

V C e = -40V, l B = 0 


-1 

•CEV Collector Cutoff Current 

v C e = -60v, v B e = 1.5 V 

-0.5 


mA 

Vqe = —80 V, Vbe = 1.5 V 


-0.5 

V C e = -60V, Vbe = 1.5 V, Tc=150°C 

-5 


VCE = -80 V, Vbe = 1.5 v # T C = 150°C 


-5 

•CBO Collector Cutoff Current 

Vcb = “60V, l E = 0 

-0.5 


mA 

Vcb = -80V, Ie = 0 


-0.5 

• EBO Emitter Cutoff Current 

Veb = -5V, lc = 0 

-1 

-1 

mA 

Static Forward Current 

Transfer Ratio 

VCE = -4 V, lc = -1 A 

See Notes 6 and 7 

35 

35 


Vce = -4V, lc=-4A 

20 100 

20 100 

VcE = -4V, lc = -8A 

5 

5 

Vbe Base-Emitter Voltage 

l B = -0.5A, IC = -5A 

See Notes 6 and 7 

-1.6 

-1.6 

V 

VcE = ~4V, lc = — 8A 

-2.5 

-2.5 

Collector-Emitter 

CE(sat) Saturation Voltage 

l B = —0.5 A, lc = -5A 

See Notes 6 and 7 

-1 

-1 

V 

l B = — 1 .6 A, 1 C = — 8 A 

-3 

-3 

Small-Signal Common-Emitter 

Te Forward Current Transfer Ratio 

Vqe = —4 V, lc = —1 A, f = 1 kHz 

20 

20 


■ 1 Small-Signal Common-Emitter 

e ' Forward Current Transfer Ratio 

V C e = -10V, l C =-0.5A, f = 1 MHz 

4 

4 


Common-Base Open-Circuit 
'■'uoo Output Capacitance 

VCB = — 10 V, 1 e = 0, f = 1 MHz 

500 

500 

pF 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


* switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* | 

MIN MAX 

UNIT 

tr 

Rise Time 

IC = -4 A, 
vbe (off) = 5 v. 

1 B { 1 ) " —0.4 A, 1 B (2) ~ 0-4 A, 

R l = 7.5 £2, See Note 8 

0.7 


t s 

Storage Time 

1 

V s 

tf 

Fall Time 

0.8 



^Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 

*JEDEC registered data. 

NOTE 8: These characteristics are measured in the circuit of clause 3.3.13.2 of the forthcoming JEDEC publication Suggested Standards on 
Power Transistors. $V BB1 = 24 V, V BB2 = 5 V, V cc = 30 V, V on = -22 V, R BB1 = 26 £1, Rbb 2 = 15 
$This circuit appears on page 5-1 of this data book. 


MAXIMUM SAFE OPERATION AREAS 


THERMAL CHARACTERISTICS 



-10 -20 -40 -70 -100 

VcE-Collector-Emitter Voltage-V 



FIGURE 1 


FIGURE 2 
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TYPES 2 N 5877, 2 N5878 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


■ FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 

I DESIGNED FOR COMPLEMENTARY USE WITH 2N5875, 2N5876 

I • 150 Watts at 25° C Case Temperature 

| • 10-A Rated Continuous Collector Current 

• Min fj of 4 MHz at 10 V, 0.5 A 

• 62.5-mJ Reverse Energy Rating 

* mechanical data 


ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



DIMENSIONS ARE IN INCHES 


5 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage 

Col lector- Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) 

Continuous Base Current 

Safe Operating Area at (or below) 25°C Case Temperature 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) . . . . 

Unclamped Inductive Load Energy (See Note 5) 

Operating Collector Junction Temperature Range 

Storage Temperature Range 

Terminal Temperature 1/16 Inch from Case for 10 Seconds 


2N5877 2N5878 


60 V* 80 V* 

60 V* 80 V* 

5 V* 5 V* 


-15 A • 
- 2 A* • 


See Figure 1 

* 150 W* ► 

* 5 W ► 


62.5 mJ ► 

— 65°C to 200° C* 
— 65°C to 200° C* 
◄ 250°C* ►> 


NOTES: 


1 . These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 1 ms, duty cycle < 10%. 

3. Derate linearly to 200° C case temperature at the rate of 0.857 W/°C. 

4. Derate linearly to 200°C free-air temperature at the rate of 28.6 mW/°C. 

5. This rating is based on the capability of the transistors to operate safely in the undamped-inductive load circuit of Section 3.2 of 
the forthcoming JEDEC publication Suggested Standards on Power Transistors .$ L = 20 mH, Rbbi = 20 R BB2 = 1° 0J T 
v BB1 = 10 V, V BB2 = OV,R l = 0.1 n, v cc = 10 V, l CM = 2.5 A. Energy » l C 2 L/2. 


*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
iTexas Instruments guarantees this value in addition to the JEDEC registered value which-is also shown. 

$This circuit appears on page 5-1 of this data book. 
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TYPES 2N5877, 2N5878 

N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


“electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 



2N5877 

2N5878 





MIN 

MAX 

MIN 

MAX 


V(BR)CEO 

Collector-Emitter 

Breakdown Voltage 

l C = 0.2 A, 

CO 

II 

o 

See Note 6 

60 

80 

V 

'CEO 

Collector Cutoff Current 

VcE = 30 V, 

i B = o 


1 


mA 

V C E = 40 V, 

00 

II 

o 



1 



VcE = 60 V, 

V B E = -1-5 V 


0.5 



«CEV 

Collector Cutoff Current 

V C E = 80V, 

V B E = -1.5V 



0.5 

mA 

V C E = 60 V, 

V B e = -1.5V, 

T C = 150 U C 

5 




VcE = 80 V, 

V B e = -1.5 V, 

T C = 150°C 


5 


»CBO 

Collector Cutoff Current 

Vcb = 60V, 

o 

it 

LLI 


0.5 


mA 

V C B = 80 V, 

I E = 0 



0.5 

lEBO 

Emitter Cutoff Current 

V E B = 5 V, 

lc = 0 


1 

1 

mA 


Static Forward Current 

Transfer Ratio 

VcE = 4 V, 

l C = 1 A 


35 

35 


hFE 

V C E = 4 V, 

l C =4A 

See Notes 6 and 7 

20 

100 

20 

100 



V C E = 4 V, 

l C = 8 A 


5 

5 


v B e 

Base-Emitter Voltage 

l B = 0.5 A, 

l C =5 A 

See Notes 6 and 7 

1.6 

1.6 

y 

VcE = 4 V, 

l C = 8 A 

2.5 

2.5 


VcE(sat) 

Col lector- Emitter 

l B =0.5 A, 

l C - 5 A 

See Notes 6 and 7 

1 

1 

y 

Saturation Voltage 

< 

CD 

00 

l C = 8A 

3 

3 


hfe 

Small-Signal Common-Emitter 
Forward Current Transfer Ratio 

V C E =4V, 

o 

II 

> 

f = 1 kHz 

20 

20 


hfel 

Small-Signal Common-Emitter 
Forward Current Transfer Ratio 

VCE = 10 V, 

IC=0.5 A, 

f = 1 MHz 

4 

4 


Cobo 

Common-Base Open-Circuit 
Output Capacitance 

V C B=10V, 

l£ = 0. 

f = 1 MHz 

300 

300 

pF 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


“switching characteristics at 25° C case temperature 


| PARAMETER 

| TEST CONDITIONS 1- | 

MIN MAX 

UNIT 

tr 

Rise Time 

IC = 4 A, 
V B E(off) = 

1 B ( 1 ) = 0.4 A, l B (2) = -0.4 A, 

—5 V, R l = 7.5 ft. See Note 8 

0.7 


ts 

Storage Time 

1 

jUS 

tf 

Fall Time 

0.8 



^Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 

* JEDEC registered data. 

NOTE 8: These characteristics are measured in the circuit of clause 3.3.13.2 of the forthcoming JEDEC publication Suggested Standards on 
Power Transistors, t V BB1 = 24 V, V BB2 = 5 V, v cc = 30 V, V on = 22 V, R BB1 = 26 ft, R BB2 = 15 ft. 

$This circuit appears on page 5-1 of this data book. 


MAXIMUM SAFE OPERATING AREA 


THERMAL CHARACTERISTICS 



10 20 ! 40 70 100 

VcE-Collector-Emitter Voltage-V 



Tc-Case Temperature-°C 


FIGURE 1 


FIGURE 2 
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TYPES 2N5879, 2N5880 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N5881, 2N5882 

• 160 Watts at 25° C Case Temperature 

• 15-A Rated Continuous Collector Current 


• Min fj of 4 MHz at 10 V, 1 A 

• 90 mJ-Reverse Energy Rating 

“mechanical data 


ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 




5 


absolute maximum ratings at 25° C case temperature (unless otherwise noted) 

2N5879 2N5880 

Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) 

Continuous Base Current 

Safe Operating Area at (or below) 25°C Case Temperature 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 

Unclamped Inductive Load Energy (See Note 5) 

Operating Collector Junction Temperature Range 

Storage Temperature Range 

Terminal Temperature 1/16 Inch from Case for 10 Seconds 

NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 1 ms, duty cycle < 1 0 %. 

3 . Derate linearly to 200°C case temperature at the rate of 0.915 W/°C. 

4. Derate linearly to 200°C free-air temperature at the rate of 28.6 mW/°C. 

5. This rating is based on the capability of the transistors to operate safely in the undamped-inductive load circuit of Section 3.2 of 
the forthcoming JEDEC publication Suggested Standards on Power Transistors.t L = 20 mH, Rbbi = 20 W, Rbb 2 “ 100 ft, 
V BB1 = 10 V, V BB2 = 0 V,R l = 0.1 ft, V cc = 10 V, l CM » -3 A. Energy « l C 2 L/2. 


—60 V* -80 V* 
—60 V* —80 V* 
-5 V* -5 V* 



+ -4 A* *» 


See Figure 1 

160 W* ► 

* 5 W ► 

90 mj ► 

— 65°C to 200° C* 
— 65°C to 200° C* 
◄ 250°C* ► 


* JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
^Texas Instruments guarantees this value in addition to the JEDEC registered value which is also shown. 

$This circuit appears on page 5-1 of this data book. 


Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 


TYPES 2N5879, 2N5880 
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TYPES 2N5879, 2N5880 

P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


*electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N5875 

2N5876 

UNIT 

MIN MAX 

MIN MAX 

Col lector- Emitter 
(BR)CEO Breakdown Voltage 

lc = — 0.2A, Ib = 0, See Note 6 

-60 

-80 

V 

•CEO Collector Cutoff Current 

Vce = -30V, Ib = 0 

-1 


mA 

V C e = -40V, 1 b ~ 0 


-1 

•CEV Collector Cutoff Current 

V C E = -60V, Vbe = 1 -5 V 

-0.5 


mA 

v ce = - 80 v, vbe = i.5 v 


-0.5 

V C e = -60V, Vbe = 1-5 v, Tc=150°C 

-5 


Vce = -80 V, Vbe = 1 .5 V, Tc = 1 50° c 


—5 

ICBO Collector Cutoff Current 

V CB = -60V, Ie = o 

-0.5 


mA 

VCB = —80 V, Ie = o 


-0.5 

lEBO Emitter Cutoff Current 

VEB--5V, lc = 0 

-1 

-1 

mA 

Static Forward Current 
b Transfer Ratio 

Vce = -4V, lc=-2A 

See Notes 6 and 7 

35 

35 


Vce = -4V, lc=-6A 

20 100 

20 100 

VCE = —4 V, lc = -12A 

5 

5 

VbE Base-Emitter Voltage 

l B = —0.7 A, lc = -7A 

See Notes 6 and 7 

-1.6 

-1.6 

V 

Vce = -4V, Iq = — 12 A 

-2.5 

-2.5 

Collector-Emitter 

CEisat) saturation Voltage 

l B = —0.7 A, l C = -7 A 

See Notes 6 and 7 

-1 

-1 

V 

lB = —2.4 A, lc=-12A 

-4 

-4 

, Small-Signal Common-Emitter 

hfp 

Forward Current Transfer Ratio 

Vce = —4 V, lc=-2A, f=1kHz 

20 

20 


| Small-Signal Common-Emitter 

e Forward Current Transfer Ratio 

Vce = -10 V, lc = -1A, f = 1 MHz 

4 

4 


Common-Base Open-Circuit 
obo Output Capacitance 

V C B = — 10 V, Ie = 0, f = 1 MHz 

600 

600 

pF 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


^switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* i 

MIN MAX 

UNIT 

tr 

Rise Time 

IC = — 6A, 1 B ( 1 ) = — 1 0.6 A, 

VBE(off) = 5 V, R|_ = 5ft, 

lB(2) = 0.6 A, 

See Note 8 

0.7 


t s 

Storage Time 

1 

MS 

tf 

Fall Time 

0.8 



* Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 

*JEDEC registered data. 

NOTE 8: These characteristics are measured in the circuit of clause 3.3.13.2 of the forthcoming JEDEC publication Suggested Standards on 
Power Transistors.z :v BB1 = 23 v, V BB2 = 5 V, v cc = 30 V, V on = -20.5 V, R BB1 = 16 ft, R B b2 = 10 ft. 

$This circuit appears on page 5-1 of this data book. 

THERMAL CHARACTERISTICS 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 






TYPES 2N5881, 2N5882 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N5879, 2N5880 

• 160 Watts at 25° C Case Temperature 

• 15-A Rated Continuous Collector Current 

• Min fy of 4 MHz at 10 V, 1 A 


• 90-mJ Reverse Energy Rating 


"mechanical data 


ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 




DIMENSIONS ARE IN INCHES 


Z 

Z 

O 

o 

r 

do 


5 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


2N5881 2N5882 


Collector-Base Voltage 60 V* 80 V* 

Co I lector- Emitter Voltage (See Note 1 ) 60 V* 80 V* 

Emitter-Base Voltage 5 V* 5 V* 

Continuous Collector Current ** — 

Peak Collector Current (See Note 2) 20 A — ► 

Continuous Base Current + 4 A* ► 

Safe Operating Area at (or below) 25°C Case Temperature See Figure 1 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) + — 160 W* — ► 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) .... 5W ► 

Unclamped Inductive Load Energy (See Note 5) + 90 mJ — ► 

Operating Collector Junction Temperature Range — 65° C to 200°C* 

Storage Temperature Range — 65°C to 200°C* 

Terminal Temperature 1/16 Inch from Case for 10 Seconds ◄ — 250°C* — ► 


NOTES: 1 . These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 1 ms, duty cycle < 1 0%. 

3. Derate linearly to 200°C case temperature at the rate of 0.915 W/°C. 

4. Derate linearly to 200°C free-air temperature at the rate of 28.6 mW/°C. 

5. This rating is based on the capability of the transistors to operate safely in the unclamped inductive load circuit of Section 3.2 of 
the forthcoming JEDEC publication Suggested Standards on Power Transistors.t L = 20 mH, Rbbi = 20 R BB2 - 100 n, 
V BB1 - 10 V, V BB2 - 0 V, R l = 0.1 f2, V cc = 10 V, l CM = 3 A. Energy « l c 2 L/2. 

* JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 

'•’Texas Instruments guarantees this value in addition to the JEDEC registered value which is also shown. 

$This circuit appears on page 5-1 of this data book. 
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TYPES 2N5881, 2N5882 




TYPES 2N5881, 2N5882 

N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


*electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 




2N5881 

2N5882 

UNIT 


1 Cd 1 UUIMUI 1 lUINO 

MIN 

MAX 

MIN 

MAX 

V(BR)CEO 

Collector-Emitter 

Breakdown Voltage 

l C = 0.2 A, 

Ib = 0, 

See Note 6 

60 

80 

V 

•CEO 

Collector Cutoff Current 

VCE = 30 V, 

•b “ o 


1 


mA 

Vce = 40V, 

o 

n 

CQ 



1 



V C E = 60V, 

v B e = -i.5 v 


0.5 



'CEV 

Collector Cutoff Current 

Vce = 80 V, 

Vbe = -i.5 v 



0.5 

mA 

Vce = 60 V, 

vbe = -1.5 v, 

T C = 15^C 

5 




vce = 8ov, 

v B e = -1.5 v, 

Tc= 150°C 


5 


'CBO 

Collector Cutoff Current 

Vcb = 60 V, 

ie-o 


0.5 


mA 

V CB = 80V, 

l E = 0 



0.5 

•ebo 

Emitter Cutoff Current 

Veb = 5 V, 

lc = 0 


1 

1 

mA 


Static Forward Current 

Transfer Ratio 

VcE = 4V, 

IC = 2 A 


35 

35 


hFE 

VcE = 4V, 

l C = 6 A 

See Notes 6 and 7 

20 

100 

20 

100 



Vce = 4 V, 

l C = 12 A 


5 

5 


Vbe 

Base-Emitter Voltage 

Ib = 0.7 A, 

IC = 7 A 

See Notes 6 and 7 

1.6 

1.6 


Vce = 4 V, 

l C = 12 A 

2.5 

2.5 

V 

VCE(sat) 

Collector-Emitter 

Ib = 0.7 A, 

o 

ii 

> 

See Notes 6 and 7 

1 

1 


Saturation Voltage 

IB = 2.4 A, 

IC= 12 A 

4 

4 

V 

hfe 

Small-Signal Common-Emitter 
Forward Current Transfer Ratio 

VCE = 4V, 

IC = 2 A, 

f = 1 kHz 

20 

20 


Ihfe 1 

Small-Signal Common-Emitter 
Forward Current Transfer Ratio 

vce = iov, 

IC= 1 A, 

f = 1 MHz 

4 

4 


Co bo 

Common-Base Open-Circuit 
Output Capacitance 

Vcb = 10 v - 

lE = 0, 

f = 1 MHz 

400 

——k 

400 

pF 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 ns, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


* switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* 

MIN MAX 

UNIT 

V 

Rise Time 

IC = 6 A, 
Vbe (off) = 

1 B ( 1 ) = 0.6 A, 1 B (2) = —0.6 A, 

—5 V, R L = 5£2, See Note 8 

0.7 


ts 

Storage Time 

1 

jUS 

tf 

Fall Time 

0.8 



* Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 

*JEDEC registered data. 

NOTE 8: These characteristics are measured in the circuit of clause 3.3.13.2 of the forthcoming JEDEC publication Suggested Standards on 
Power Transistor.t v BB1 = 23 v, V BB2 = 5 v, v cc = 30 v, v on - 20.5 v, r bb1 = 16 ft, R BB2 = 10 ft. 

$This circuit appears on page 5-1 of this data book. 



IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 





TYPES 2N5883, 2N5884 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N5885, 2N5886 

• 200 Watts at 25°C Case Temperature 

• 25-A Rated Continuous Collector Current 

• Min f j of 4 MHz at 10 V, 1 A 

• 90-mJ Reverse Energy Rating 


♦mechanical data 


ALL JEDEC TO -3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTR ICAL CONTACT WITH THE CASE 



absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


5 


2N5883 2N5884 


Collector-Base Voltage —60 V* -80 V* 

Co I lector- Emitter Voltage (See Note 1 ) —60 V* —80 V* 

Emitter-Base Voltage — 5 V* — 5 V* 

1—25 ,'«A T'l 

Continuous Collector Current <J _[>—-► 

\-20 A J 

Peak Collector Current (See Note 2) * 30 A ► 

Continuous Base Current * 6 A* ► 

Safe Operating Area at (or below) 25°C Case Temperature See Figure 1 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) * — 200 W* ► 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) .... 5 W 

Unclamped Inductive Load Energy (See Note 5) <+ 90 mJ ► 

Operating Collector Junction Temperature Range — 65° C to 200°C* 

Storage Temperature Range — 65° C to 200°C* 

Terminal Temperature 1/16 Inch from Case for 10 Seconds + — 250°C* — ► 


NOTES: 1 . These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 1 ms, duty cycle < 1 0%. 

3. Derate linearly to 200°C case temperature at the rate of 1.14 W/°C. 

4. Derate linearly to 200°C free-air temperature at the rate of 28.6 mW/°C. 

5. This rating is based on the capability of the transistors to operate safely in the undamped-inductive load circuit of Section 3.2 of 
the forthcoming JEDEC publication Suggested Standards on Power Transistors .$ L = 20 mH, Rbbi = 20 R BB2 = 100 

V BB1 = 10 V, V BB2 - 0 V, R L = 0.1 SI, V cc = 10 V, l CM = -3 A, Energy « lc 2 L/2. 


*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
^Texas Instruments guarantees this value in addition to the JEDEC registered value which is also shown. 

$This circuit appears on page 5-1 of this data book. 
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TYPES 2N5883, 2N5884 

BULLETIN NO. DL-S 7111610, DECEMBER 1971 




TYPES 2N5883, 2N5884 

P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 


5 


PARAMETER 

TEST CONDITIONS 

2N5883 

2N5884 

UNIT 

MIN MAX 

MIN MAX 

.. Collector-Emitter 

(BR)CEO Breakdown voltage 

1 0 = — 0.2 A, l B = 0, See Note 6 

-60 

-80 

V 

rnA 

mA 

•CEO Collector Cutoff Current 

VcE = -30V, l B = 0 

-2 


VqE = —40 V, l B = 0 


-2 

•CEV Collector Cutoff Current 

VCE = -60V, V BE = 1.5 V 

-1 


Vce = -80V, V B e=1.5V 


-1 

VcE = -60V, V BE = 1.5 V, Tc=150"C 

-10 


V C e = -80V, Vbe = 1.5V, Tc=150°C 


-10 

•CBO Collector Cutoff Current 

V CB = -60V, l E = 0 

-1 


mA 

V CB = -80V, Ie = 0 


-1 

lEBO Emitter Cutoff Current 

Veb = ~5V, l C = 0 

-1 

-1 

mA 

Static Forward Current 

Transfer Ratio 

VcE = -4V, Iq = -3A 

See Notes 6 and 7 

35 

35 


Vce = -4V ( Ic = -10 A 

20 100 

20 100 

V CE = -4V, Ic = —20 A 

5 

5 

V B e Base-Emitter Voltage 

l B = —1.5 A, Iq = — 15 A 

See Notes 6 and 7 

-1.8 

-1.8 

V 

Vce = -4V, IC = -20A 

-2.5 

-2.5 

Collector-Emitter 

CE(sat) Saturation Voltage 

l B = — 1 .5 A, Iq = — 15 A 

See Notes 6 and 7 

-1 

-1 

V 

l B = -4 A, IC = -20A 

-4 

-4 

Small-Signal Common-Emitter 
e Forward Current Transfer Ratio 

V C E = -4V, Iq = —3 A, f = 1 kHz 

20 

20 


■ 1 Small-Signal Common-Emitter 

te Forward Current Transfer Ratio 

VCE = — 10 V, lc = -1A, f = 1 MHz 

4 

4- 


Common-Base Open-Circuit 
°k° Output Capacitance 

VCB = — 10 V, 1 e = 0, f = 1 MHz 

800 

800 

pF 


NOTES: 6. These parameters must be measured using pulse techniques, tw = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


^switching characteristics at 25° C case temperature 


PARAMETER 

*r 

Rise Time 

*s 

Storage Time 

tf 

Fall Time 


TEST CONDITIONS* 


MIN MAXi UNIT 


l C = -10A, 
v BE(off) = 4 V, 


l B (1) = -1 A, 

Rl = 3J1, 


l B (2) = 1 A 

See Note 8 


0.7 


1 

0.8 


*Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 

*JEDEC registered data 

NOTE 8: These characteristics are measured in the circuit of clause 3.3.13.2 of the forthcoming JEDEC publication Suggested Standards on 
Power Transistors.% Vbbi = 25 v » V BB2 = 4 v, v cc = 30 v, v 0 n = —23 v, Rbbi = 1 i &>, RBB2 = 5 0. 

$This circuit appears on page 5-1 of this data book. 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 






TYPES 2N5885, 2N5886 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N5883, 2N5884 

• 200 Watts at 25° C Case Temperature 

• 25-A Rated Continuous Collector Current 

• Min fj of 4 MHz at 10 V, 1 A 


*mechanical data 


90-mJ Reverse Energy Rating 


ALL JEDECTO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



DIMENSIONS ARE IN INCHES 


5 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


2N5885 2N5886 


Col lector- Base Voltage 60 V* 80 V* 

Collector-Emitter Voltage (See Note 1) 60 V* 80 V* 

Emitter-Base Voltage 5 V* 5 V* 

f25 A^T 

Continuous Collectpr Current ^ r 

Peak Collector Current (See Note 2) + — 30 A — ► 

Continuous Base Current + — 6 A* — ► 

Safe Operating Area at (or below) 25°C Case Temperature See Figure 1 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) <+ — 200 W* — ► 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) . . . . + — 5 W — ► 

Unclamped Inductive Load Energy (See Note 5) — 90 mJ — ► 

Operating Collector Junction Temperature Range — 65° C to 200°C* 

Storage Temperature Range — 65° C to 200°C* 

Terminal Temperature 1/16 Inch from Case for 10 Seconds — 250°C* — ► 


NOTES: 1 . These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 1 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 1.14 W/°C. 

4. Derate linearly to 200°C free-air temperature at the rate of 28.6 mW/°C. 

5. This rating is based on the capability of the transistors to operate safely in the undamped-inductive load circuit of Section 3.2 of 
the forthcoming JEDEC publication Suggested Standards on Power Transistors.t L = 20 mH, Rbbi == 20 r bb2 = 100 $2, 
V BB1 = 10 V, Vbb2 = 0 V, R|_ = 0.1 SI, Vqq = 10 V, I CM = 3 A. Energy « lc 2 L/2. 


JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
1"Texas Instruments guarantees this value in addition to the JEDEC registered value which is also shown. 

-I-This circuit appears on page 5-1 of this data book. 
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TYPES 2N5885, 2N5886 

BULLETIN NO. DL-S 7111626, DECEMBER 1971 



TYPES 2N5885, 2N5886 

N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


*electrical characteristics at 25° C case temperature (unless otherwise noted) 







2N5885 

2N5886 







MIN 

MAX 

MSN 

MAX 


V(BR)CEO 

Collector-Emitter 

Breakdown Voltage 

lc = 0.2 A, 

1 B = 0, 

See Note 6 

60 

80 

V 

'CEO 

Collector Cutoff Current 

V C E = 30 V, 

CD 

II 

O 


2 


mA 

Vce = 40 V, 

O 

II 

03 



2 



VCE = 60V, 

Vbe = -i.5 v 


1 



'CEV 

Collector Cutoff Current 

vce = 80 V, 

v B e = -1.5 v 



1 

mA 

vce -60v, 

v BE = -i.5 v, 

Tc= 150°C 

10 




v C e = sov. 

vbe = -1.5 v, 

Tc= 150 6 C 


10 


ICBO 

Collector Cutoff Current 

Vcb = 60V, 

l E = 0 


1 


mA 

Vcb = 80 V, 

IE = 0 



1 

»EBO 

Emitter Cutoff Current 

Veb = 5 V, 

lc = 0 


1 

1 

mA 


Static Forward Current 

Transfer Ratio 

v C e = 4 v, 

IC = 3A 


35 

35 


h F E 

v C e = 4 v, 

1C = 10 A 

See Notes 6 and 7 

20 

100 

20 

100 



vce = 4 v, 

1C = 20 A 


5 

5 


vbe 

Base-Emitter Voltage 

»B = 1-5 A, 

l C = 15 A 

See Notes 6 and 7 

1.8 

1.8 

V 

Vce = 4 v, 

1C = 20 A 

25 

2.5 

VCE(sat) 

Collector-Emitter 

ib = i.5 a, 

IC= 15 A 

See Notes 6 and 7 

j" 

1 

\/ 

Saturation Voltage 

lB = 4 A, 

IC = 20 A 

4 

4 


hfe 

Small-Signal Common-Emitter 
Forward Current Transfer Ratio 

vce = 4 v. 

IC = 3 A, 

f = 1 kHz 

i 

20 

20 


|hfel 

Small-Signal Common-Emitter 
Forward Current Transfer Ratio 

vce = iov, 

IC= 1 A, 

f = 1 MHz 

4 

4 


Co bo 

Common-Base Open-Circuit 
Output Capacitance 

vcb = iov. 

o 

ii 

UJ 

f = 1 MHz 

500 

500 

pF 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 ns, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


*switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS f 1 

MIN MAX 

UNIT 

tr 

Rise Time 

lc= 10 A, 
Vbe (off) = 

»B{1) = 1 A, 1^(2) = -1 A, 

—4 V, R|_ = 3n, See Note 8 

0.7 


fs 

Storage Time 

1 

jus 

tf 

Fall Time 

0.8 



"^Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 

*JEDEC registered data. 

NOTE 8: These characteristics are measured in the circuit of clause 3.3.13.2 of the forthcoming JEDEC publication Suggested Standards on 
Power Transistors . $ v BB1 = 25 V, V BB2 = 4 V, V cc = 30 V, v on = 23 V, R BB1 = R BB2 * 5 n - 

$This circuit appears on page 5-1 of this data book. 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 






TYPE 2N5938 
N-P-N SILICON POWER TRANSISTOR 


RADIATION-TOLERANT TRANSISTOR 
FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 

• Min hpE of 10 at 3 V, 1 A after 1 X 1014 Fast Neutrons/cm2 

• 20 W at 100°C Case Temperature 

• Max VcE(sat) of 0.4 V at l c = 1 A 

• Min fy of 150 MHz at 5 V, 1 A 


description 


The 2N5938 transistor offers a significant advance in radiation-resistant-device technology. Unique construction 
techniques produce transistors which maintain useful characteristics after fast-neutron radiation fluences through 
1014 n/cm2. 


* mechanical data 


ALL TERMINALS ARE ELECTRICALLY INSULATED FROM THE CASE 



NOTES: A. ALL DIMENSIONS ARE IN INCHES. 

B. CASE TEMPERATURE IS MEASURED AT A 
POINT ON THE INTERSECTION OF THE 
STUD AND THE HEX SEATING PLANE. 




5 


* absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage 60 V 

Col lector- Emitter Voltage (See Note 1 ) 50 V 

Emitter-Base Voltage 4 V 

Continuous Collector Current 3 A 

Peak Collector Current (See Note 2) 5A 

Continuous Base Current 1 A 

Continuous Emitter Current 4 A 

Safe Operating Region at (or below) 100°C Case Temperature See Figure 6 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) 20 W 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 2.5 W 

Operating Collector Junction Temperature Range — 65° C to 200°C 

Storage Temperature Range — 65° C to 200°C 

Terminal Temperature 1/16 Inch from Case for 10 Seconds 230°C 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t w < 10 ms, duty cycle < 10%. 

3. Derate linearly to 200° C case temperature at the rate of 0.2 W/°C. 

4. Derate linearly to 200°C free-air temperature at the rate of 14.3 mW/°C. 

*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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TYPE 2N5938 

N-P-N SILICON POWER TRANSISTOR 


“electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

v (BR)CEO 

Collector-Emitter Breakdown Voltage 

l C = 10 mA, 

o' 

ii 

03 

See Note 5 

50 

V 

•CEO 

Collector Cutoff Current 

V C E “ 30 V, 

lB = 0 


500 

juA 

! CES 

Collector Cutoff Current 

V C E = 55 V, 

v B e = o 


100 

mA 

V C E = 30 V, 

v B e = o. 

Tc= 150°C 

200 

•ebo 

Emitter Cutoff Current 

V E B = 2 V, 

ic = o 


10 

juA 

Veb = 4 V, 

o 

ii 

o 


100 

h FE 

Static Forward Current Transfer Ratio 

V C E = 3 V, 

lc= 1 A, 

See Notes 5 and 6 

30 

150 


V C E = 3 V, 

IC = 3A, 

See Notes 5 and 6 

20 


Vbe 

Base-Emitter Voltage 

V C E = 3 V, 

IC = 3A, 

See Notes 5 and 6 

1.4 

V 

v CE(sat) 

Collector-Emitter Saturation Voltage 

l B = 0.1 A, 

1C = 1 A, 

See Notes 5 and 6 

0.4 

v 

l B = 0.3 A, 

IC = 3A, 

See Notes 5 an<^ 6 

0.75 


hfe 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V C E = 5 V, 

IC= 1 A, 

f = 1 MHz 

20 


Ihfel 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V C E - 5 V, 

IC= 1 A, 

f = 30 MHz 

5 


C 0 bo 

Common-Base Open-Circuit 

Output Capacitance 

v C b = iov, 

l E = 0, 

f = 1 MHz 

80 

PF 


5 


“post-irradiation electrical characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

RADIATION 

FLUENCE+ 

MIN MAX 

UNIT 

hpE Static Forward Current Transfer Ratio 

VCE = 3V, IC=1A, 

See Notes 5 and 6 

1 X 10 14 n/cm 2 

10 



“thermal characteristics 


PARAMETER 

MAX 

UNIT 

^0JC Junction-to-Case Thermal Resistance 

5 

°c/w 

r 0JA Junction-to-Free-Air Thermal Resistance 

70 


•JEDEC registered data 

tRadiation is fast neutrons (n) at E > 10 keV (reactor spectrum). 

NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 ns, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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TYPE 2N5938 

N-P-N SILICON POWER TRANSISTOR 



TYPICAL CHARACTERISTICS 


COMMON-BASE OPEN-CIRCUIT INPUT 
AND OUTPUT CAPACITANCE 
vs 



1 2 4 7 10 20 40 

Reverse Bias Voltage— V 

FIGURE 5 


MAXIMUM SAFE OPERATING REGION 



1 2 4 7 10 20 40 70 100 


V CE — Collector-Emitter Voltage— V 
FIGURE 6 
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TYPE 2N5938 
N-P-N SILICON POWER TRANSISTOR 


TYPICAL CHARACTERISTICS 


TURN-ON and TURN-OFF TIMES 
vs 



0 1 2 3 4 5 

I q— C ollector Current— A 

FIGURE 7 


5 



FIGURE 8-TEST CIRCUIT AND VOLTAGE WAVEFORMS FOR FIGURE 7 


NOTES: 


Adjust the input voltage for the desired values of Ib( 1 ) anc l • B(2)* 

The input voltage is supplied by two generators connected in parallel. Each generator has the following characteristics: 
t r < 1 5 ns, tf < 15 ns, Z out = 50 fi, duty cycle < 1 %. 

Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, Rj n >10 MS7, Cj n < 1 1.5 pF. 
Resistors must be noninductive types. 

The d-c power supplies may require additional bypassing in order to minimize ringing. 
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TYPE 2N5938 

N-P-N SILICON POWER TRANSISTOR 


THERMAL INFORMATION 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



0 25 50 75 100 125 150 175 200 

Tq— C ase Temperature— °C 

FIGURE 9 


PEAK-POWER COEFFICIENT CURVE 



t — Pulse Width— ms 
w 

FIGURE 10 


SYMBOL DEFINITION 


SYMBOL 

DEFINITION 

VALUE 

UNIT 

PT(av) 

Average Power Dissipation 


W 

p T(max) 

Peak Power Dissipation 


W 

R0JA 

Junction-to-Free-Air Thermal Resistance 

70 

°c/w 

R0JC 

Junction-to-Case Thermal Resistance 

5 

°c/w 

R0CA 

Case-to- Free- Air Thermal Resistance 

65 

°c/w 

R0CHS 

Case-to-Heat-Sink Thermal Resistance 


°c/w 

R0HSA 

Heat-Sink-to-Free-Air Thermal Resistance 


°c/w 

ta 

Free-Air Temperature 


°c 

TC 

Case Temperature 


°c 

Tj(av) 

Average Junction Temperature 

<200 

°c 

T J(max) 

Peak Junction Temperature 

<200 

°c 

K 

Peak -Power Coefficient 

See Figure 10 


t w 

Pulse Width 


ms 

tx 

Pulse Period 


ms 

d 

Duty-Cycle Ratio (t w /t x ) 




Equation No. 

p T(av) = 

Equation No. 
used. 


1— Application: d-c power dissipation, heat sink used. 

Tj( av ) - T A for 1 00°C < T C < 200°C 

R 0JC + R 0CHS + r 0HSA as in Figure 9 

2— Application: d-c power dissipation, no heat sink 


p T(av) = 

Equation No. 
used. 

p T(max) = 

Equation No. 
used. 

p T(max) = 


T J(av) ~ t A 


for 25° C < T A < 200° C 


R 0JA 

3— Application: Peak power dissipation, heat sink 


Tj(max) ~ ~^A 


for 100°C<Tc< 200° C 


d< R 0CHS + r 0HSA) + K * R 0JC 
4— Application: Peak-power dissipation, no heat sink 


T J(max) ~ t A 
d * r 0CA + K * R 0JC 


for 25° C < T A < 200° C 


Example— Find Pj(max) (design limit) 

OPERATING CONDITIONS: 

r 0CHS + r 0HSA = 4°C/W (From information 
supplied with heat sink.) 

Tj( av ) (design limit) = 200°C 
T A = 50° C 
d = 10%= 0.1 
tyy 0.6 ms 


Solution: 

From Figure 10, Peak-Power Coefficient 

K = 0.151 and by use of equation No. 3 

p . . _ Tj(max) ~ T A 

TtmaX) d(R 0C HS + r 0HSA) + « * R 0JC 

200 - 50 

p T(max) = 7T ,W= 130 W 

Umax; 01 4 + 0 .151(5)' 
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description 


TYPES 2N5939, 2N5940 
N-P-N SILICON POWER TRANSISTORS 


RADIATION-TOLERANT TRANSISTORS 

FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 

• Formerly TIXP39, TIXP40 

• Min hFE of 10 at 4 V, 5 A after 1 X 10 14 Fast Neutrons/cm 2 

• Max VcE(sat) of 1 V at Iq = 10 A 

• 40 Watts at 100°C Case Temperature 

• Min fj of 120 MHz at 5 V f 1 A 


The 2N5939, 2N5940 transistors offer a significant advance in radiation-resistant-device technology. Unique 
construction techniques produce transistors which maintain useful characteristics after fast-neutron radiation fluences 

14 2 

through 10 n/cm 


^mechanical data 


THE ACTIVE ELEMENTS ARE ELECTRICALLY INSULATED FROM THE CASE 



NOTES: A. Position of terminals with respect to hexagon is not controlled. 

B. Terminals located on true position within 0.030 inch relative to diameter of can. 

C. This dimension applies to the location of the center line of the terminals. 

D. The case temperature may be measured anywhere on the seating plane within 0.125 inch of the stud. 

E. All dimensions are in inches unless otherwise specified. 



^absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


5 


Collector-Base Voltage 

Co I lector- Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) 

Continuous Base Current 

Continuous Emitter Current 

Safe Operating Region 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) . . 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 

Operating Collector Junction Temperature Range 

Storage Temperature Range 

Terminal Temperature 1/16 Inch from Case for 10 Seconds 

NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200° C case temperature at the rate of 0.4 W/°C. 

4. Derate linearly to 200°C free-air temperature at the rate of 1 1 .4 mW/°C. 

*JEDEC registered data. This data sheet contains all applicable registered data in effect at time of publication. 


2N5939 2N5940 

80 V 70 V 

80 V 70 V 



See Figure 7 

-65°C to 200°C 
-65° C to 200° C 
t — 230° C — ► 
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TYPES 2N5939, 2N5940 

N-P-N SILICON POWER TRANSISTORS 


*electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 




2N5939 

2N5940 

UNIT 

i co i uuraui i iuivo 

MIN 

MAX 

MIN 

MAX 

v (BR)CEO 

Collector-Emitter 

Breakdown Voltage 

Iq = 30 mA, 

03 

II 

O 

See Note 5 

80 

70 

V 

'CEO 

Collector Cutoff Current 

V CE = 50 V, 

•b = 0 


2 


mA 

V C E = 40 V, 

o 

ii 

CQ 



2 



VcE = 75 V, 

V B E =o 


500 


juA 

'CES 

Collector Cutoff Current 

V C e =65 V, 

v be =o 



500 

V C E = 40 V, 

VbE = 0, 

T C = 150°C 

2 


mA 



V CE =35 V, 

o' 

II 

Ui 

CD 

> 

T C = 150°C 


2 

'EBO 

Emitter Cutoff Current 

V E B=3V, 

| C = 0 


200 

200 

juA 

V E B = 5 V, 

o 

II 

o 


1 

1 

mA 

h FE 

Static Forward Current 

V CE =4 V, 

l C = 5 A 

See Notes 5 and 6 

40 

200 

40 

200 


Transfer Ratio 

V CE =4 V, 

l C = 10 A 

35 

35 


V BE 

Base-Emitter Voltage 

V CE =4V, 

l C = 5 A 

See Notes 5 and 6 

1.2 

1.2 

V 

Vce = 4 V, 

O 

ii 

o 

> 

1.6 

1.6 

v CE(sat) 

Collector-Emitter 

l B = 0.5 A, 

l C = 5 A 

See Notes 5 and 6 

0.6 

0.6 

v 

Saturation Voltage 

'8 = 1 A, 

< 

o 

n 

u 

1 

1 


h fe 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

Vce = 5 V, 

'C= 1 A, 

f = 1 kHz 

30 

30 


lhf e l 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

Vce = 5 v, 

'C = 1 A, 

f = 20 MHz 

6 

6 



*post-irradiation electrical characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

RADIATION 

FLUENCEt 

MIN MAX 

UNIT 

Static Forward Current 

h F E 

Transfer Ratio 

Vce = 4V, lc = 5 A, See Notes 5 and 6 

1 X 1014 n/cm2 

10 



t Radiation is fast neutrons (n) at E ^ 10 keV (reactor spectrum). 


*thermal characteristics 


PARAMETER 

MAX 

UNIT 

RflJC Junction-to-Case Thermal Resistance 

2.5 

°c/w 

RtfJA Junction-to-Free-Air Thermal Resistance 

87.5 


NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
*JEDEC registered data. 
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TYPES 2N5939, 2N5940 
N-P-N SILICON POWER TRANSISTORS 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* 

TYP 

UNIT 

ton Turn-On Time 

lc = 5A, 1 B ( i ) = 500 mA, 1 b( 2) = —500 mA, 

^BE(off) = — 1 5 V, Ri_=5to, See Figure 1 

135 

ns 

toff T urn-Off Time 

800 


$ Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 




VOLTAGE WAVEFORMS 
FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t r < 1 5 ns, tf < 1 5 ns, Z out = 50 to, t w = 10 jus, 
duty cycle < 2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, R jn >10 Mto, Cj n < 1 1.5 pF. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 
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TYPES 2N5939, 2N5940 

N-P-N SILICON POWER TRANSISTORS 



5-282 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 



10 12 10 13 10 14 
<I>-Neutron Fluence— n/cm 2 

FIGURE 2 


STATIC FORWARD CURRENT TRANSFER RATIO 



0.01 0.04 0.1 0.2 0.4 1 2 4 7 10 20 

Iq— C ollector Current— A 

FIGURE 3 


BASE-EMITTER VOLTAGE 
vs 


COLLECTOR CURRENT 



Iq— Collector Current— A 

FIGURE 4 


COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 


COLLECTOR CURRENT 



NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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TYPES 2N5939, 2N5940 
N-P-N SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


COMMON-BASE OPEN-CIRCUIT OUTPUT CAPACITANCE 


vs 


COLLECTOR-BASE VOLTAGE 



100 


0 I I 1 I— I 1 -I 

1 2 4 7 10 20 40 


Vcb - C° ll ector -B ase Voltage— V 
FIGURE 6 



MAXIMUM SAFE OPERATING AREA 



Vce~ C ollBctor-Emitter Voltage— V 
FIGURE 7 
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TYPES 2N5939. 2NS940 

N-P-N SILICON POWER TRANSISTORS 


THERMAL INFORMATION 



8 

Q 

CD 

CJ 

i 

Q 


CASE TEMPERATURE 



75 100 125 150 175 200 


Tq— Case Temperature— °C 


FIGURE 8 


PEAK-POWER COEFFICIENT CURVE 



t w — Pulse Width— ms 

FIGURE 9 


SYMBOL DEFINITION 


SYMBOL 

DEFINITION 

VALUE 

UNIT 

PT(av) 

Average Power Dissipation 


W 

PT(max) 

Peak Power Dissipation 


W 

R0JA 

Junction-to-Free-Air Thermal Resistance 

87.5 

°C/W 

R0JC 

Junction-to-Case Thermal Resistance 

2.5 

°C/W 

R0CA 

Case-to-Free-Air Thermal Resistance 

85.0 

°C/W 

R0CHS 

Case-to-Heat-Sink Thermal Resistance 


°C/W' 

R0HSA 

Heat-Sink-to-Free-Air Thermal Resistance 


°C/W 

t a 

Free-Air Temperature 


°C 

T C 

Case T emperature 


°c 

Tj(av) 

Average Junction Temperature 

<200 

°c 

Tj(max) 

Peak Junction Temperature 

<200 

°c 

K 

Peak-Power Coefficient 

See Figure 9 


tw 

Average Pulse Width 


ms 

tx 

Pulse Period 


ms 

d 

Duty-Cycle Ratio (t w /t x ) 




Equation No. 1— Application: d-c power dissipation, heat sink used. 


p T(av) 


Tj(av) ~ t A 


for 100°C< T C < 200° C 


R 0JC + R 0CHS + R 0HSA as in Figure 8 
Equation No. 2— Application: d-c power dissipation, no heat sink used. 

P T(av) = - Tj( ^ L l . T A for 25° C < T a < 200° C 
R 0JA 

Equation No. 3— Application: Peak power dissipation, heat sink used. 
^J(max) ~ ^A 


p T(max) 


■ for 100°C < T C < 200° C 


d( R 0CHS + r 0HSA) + K • R 0 jc 
E quation No. 4— Application: Peak power dissipation, no heat sink used. 
T J(max) “ T A 


p T(max) ~ 


d * r 0CA + K * R 0JC 


for 25° C < T a < 200° C 


Example— Find Pj(max) (design limit) 

OPERATING CONDITIONS: 

r 0CHS + r 0HSA = 3°C/W (From information 
supplied with heat sink.) 
Tj( av ) (design limit) = 200° C 
T a = 50° C 
d = 10 % = 0.1 
t w = 0.1 ms 


Solution: 

From Figure 9, Peak-Power Coefficient 

K = 0.105 and by use of equation No. 3 
Tj(max) ~ ^A 


p T(max) 


d( R 0CHS + r 0HSA> + K ’ R 0JC 


p T(max) 


200 - 50 


0.1(3) +0.105(2.5) 


W = 267 W 
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TYPE 2N6127 
P-N-P SILICON POWER TRANSISTOR 


HIGH-FREQUENCY, HIGH-POWER TRANSISTOR WITH 
COMPUTER-DESIGNED ISOTHERMAL GEOMETRY 

• 40 mJ Reverse Energy Rating with lc = 20 A and 4 V Reverse Bias 

• Isolated Stud Package 

• 100 W at 50°C Case Temperature 

• Min fj of 40 MHz at -5 V, -2 A 

• Designed for Complementary Use with 2N6128 

* mechanical data 



ALL TERMINALS ARE ELECTRICALLY INSULATED FROM THE CASE 




5 


^absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage —100 V 

Co I lector- Emitter Voltage (See Note 1) —80 V 

Emitter-Base Voltage —5 V 

Continuous Collector Current —10 A 

Peak Collector Current(See Note 2) —20 A 

Continuous Base Current —3 A 

Safe Operating Areas See Figures 6 and 7 

Continuous Device Dissipation at (or below) 50°C Case Temperature (See Note 3) 100 W 

Continuous Device Dissipation at 100°C Case Temperature (See Note 3) 67 W 

Unclamped Inductive Load Energy (VgE( 0 ff) = 0, See Note 4) 50 mJ 

Unclamped Inductive Load Energy (VsE(off) = 4 V, See Note 4) 40 mJ 

Operating Collector Junction Temperature Range — 65° C to 200°C 

Storage Temperature Range — 65°Cto200°C 

Terminal Temperature 1/8 Inch from Case for 60 Seconds 300°C 


NOTES: 1 . This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10 %. 

3. Derate linearly to 200° C case temperature at the rate of 0.67 W/° C. 

4. These ratings are based on the capability of the transistor to operate safely in the circuit of Figure 2. 


*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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TYPE 2N6127 

P-N-P SILICON POWER TRANSISTOR 


^electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

V(br)cEO Collector-Emitter Breakdown Voltage 

Iq = —200 mA 

l B = °/ 

See Note 5 

-80 

V 

•CEO 

Collector Cutoff Current 

V CE = -40 V, 

l B = o 


-100 

mA 



V CE = -60 V, 

v BE = o 


-10 

HA 

■CES 

Collector Cutoff Current 

V CE = -100V, V BE =0 

-1 

mA 



V CE = -60 V, 

V BE = 0, 

Tq = 150°C 

-500 

/uA 

'EBO 

Emitter Cutoff Current 

V EB = -4 V, 

o 

ii 

o 


-10 

HA 

V EB = -5V, 

I C = ° 


-1 

mA 



V CE = -5V, 

l c = -100 mA 


20 




V CE = -5 V, 

l C = -5A 


30 

120 


h FE 

Static Forward Current Transfer Ratio 

V CE = -5 V, 

l C “ — 10 A 

See Notes 5 and 6 

15 




V CE =-5V, 
T c = —55° C 

IC=~5A, 


12 




l B = -0.5 A, 

l C =-5A 


-1.8 


V BE 

Base-Emitter Voltage 

V CE = —5 V , 

l C =-5A 

See Notes 5 and 6 

-1.8 

V 



VCE = “5 V, 

l C ~ —10 A 


-2.2 


v CE(sat) 

Collector-Emitter Saturation Voltage 

l B = -0.5 A, 

l C =-5A 

See Notes 5 and 6 

-0.9 

y 

l B = -1 A, 

l C = -10 A 

-2.2 


h fe 

Small-Signal Common-Emitter 

Forward Current T ransfer Ratio 

V CE = -5 V, 

l C = -0.2 A, 

f = 1 kHz 

20 


hfel 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V CE = -5 V, 

IC = -2A, 

f = 20 MHz 

2 


c obo 

Common-Base Open-Circuit Output Capacitance 

V CB = -10V, 

i E = o, 

f = 1 MHz 

500 

pF 


NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 /us, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


thermal characteristics 


PARAMETER 

MAX 

UNIT 

^0JC Junction to Case Thermal Resistance 

1.5 

°c/w 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* 

TYP 

UNIT 

t on Turn-On Time 

IC = — 10A, l B (1) = -1 A, »B(2) = 1 A, 

V BE (off) = 3.8 V, Ri_ = 3to, See Figure 1 

0.45 

US 

toff Turn-Off Time 

0.5 


tVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


* JED EC registered data 
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TYPE 2N6127 
P-N-P SILICON POWER TRANSISTOR 


PARAMETER MEASUREMENT INFORMATION 



NOTES: 


A. V gen is a 30-V pulse (from 0 V) into a 50-fi termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 1 5 ns, tf < 1 5 ns, Z out = 50 O, t w = 20 jus, 
duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, Rj n >10 M£2, Cj n <11.5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 


5 


FIGURE 1 


INDUCTIVE LOAD SWITCHING 



v BE(off) 

RATED 

ENERGY 

L 

r bbi 

v BB2 

•cm 

tw 

0 V 

50 mJ 

4 mH 

20 n 

0 V 

5 A 

«1 ms 

4 V 

40 mJ 

0.2 mH 

5 SI 

4 V 

20 A 

«0.2 ms 


TEST CIRCUIT 


VOLTAGE AND CURRENT WAVEFORMS 


NOTE A: Input pulse width is increased until the collector current reaches the specified peak value of l CM . 

FIGURE 2 
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TYPE 2N6127 

P-N-P SILICON POWER TRANSISTOR 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT 
TRANSFER RATIO 


COLLECTOR CURRENT 



BASE-EMITTER VOLTAGE 

vs 

CASE TEMPERATURE 


COLLECTOR-EMITTER 
SATURATION VOLTAGE 


CASE TEMPERATURE 



FIGURE 4 


FIGURE 5 


NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 Ms, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 
0.1 25 inch from the device body. 


MAXIMUM SAFE OPERATING AREAS 


MAXIMUM COLLECTOR CURRENT 


MAXIMUM COLLECTOR CURRENT 


vs 


vs 


COLLECTOR-EMITTER VOLTAGE 




0:1 0.2 0.4 0.7 1 2 4 7 10 


L- Unclamped Inductive Load— mH 


FIGURE 6 


FIGURE 7 


NOTES: 7. Above these points the safe operating areas have not been defined. 

8. This curve is based on the capability of the transistor to operate safely in the circuit of Figure 2 with Rbbi ** 10 • Vggi/lc. 
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TYPE 2N6128 
N-P-N SILICON POWER TRANSISTOR 


HIGH-FREQUENCY, HIGH-POWER TRANSISTOR WITH 
COMPUTER-DESIGNED ISOTHERMAL GEOMETRY 




40 mJ Reverse Energy Rating with lc = 20 A and 4 V Reverse Bias 

Isolated Stud Package 

100 W at 50° C Case Temperature 

Min fj of 50 MHz at 5 V, 2 A 

Designed for Complementary Use with 2N6127 


* mechanical data 


ALL TERMINALS ARE ELECTRICALLY INSULATED FROM THE CASE 





*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage 100 V 

Collector-Emitter Voltage (See Note 1) . 80 V 

Emitter-Base Voltage 6 V 

Continuous Collector Current 10 A 

Peak Collector Current (See Note 2) 20 A 

Continuous Base Current 3 A 

Safe Operating Areas See Figures 6 and 7 

Continuous Device Dissipation at (or below) 50°C Case Temperature (See Note 3) 100 W 

Continuous Device Dissipation at 100°C Case Temperature (See Note 3) 67 W 

Unclamped Inductive Load Energy (VeE(off) = 0, See Note 4) 50 mJ 

Unclamped Inductive Load Energy (VBE(off) = —4 V, See Note 4) 40 mJ 

Operating Collector Junction Temperature Range — 65° C to 200°C 

Storage Temperature Range — 65°Cto200°C 

Terminal Temperature 1 /8 Inch from Case for 60 Seconds 300° C 


NOTES: 1 . This value applies when the base-emitter-diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 0.67 W/°C. 

4. These ratings are based on the capability of the transistor to operate safely in the circuit of Figure 2. 


*JEDEC registered data. This data sheet contains ail applicable registered data in effect at the time of publication. 
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TYPE 2N6128 

BULLETIN NO. DL-S 7111485, JUNE 1971 
REVISED NOVEMBER 1971 



TYPE 2N6128 

N-P-N SILICON POWER TRANSISTOR 


*electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

V(br)cE0 Collector-Emitter Breakdown Voltage 

l c = 200 mA, 

l B = o. 

See Note 5 

80 

V 

'CEO 

Collector Cutoff Current 

V CE = 40 V, 

CD 

II 

o 


100 

juA 



V C E = 60 V, 

v be = o 


10 

juA 

'CES 

Collector Cutoff Current 

V C E = 100 V, 

o 

ii 

LU 

CO 

> 


1 

mA 



V C E = 60 V, 

v B e = 0, 

T C = 150°C 

500 

juA 

'EBO 

Emitter Cutoff Current 

V EB = 5 V, 

I C = 0 


10 

juA 

V EB = 6 V, 

I C = 0 


1 

mA 



V C E = 5 V, 

l C = 100 mA 


20 




V C E = 5 V, 

l C = 5A 


30 

120 


h FE 

Static Forward Current Transfer Ratio 

V C E = 5 V, 

l C = 10 A 

See Notes 5 and 6 

15 




V C E = 5 V, 

T C = -55° C 

'C=5A, 


12 




l B = 0.5 A, 

'C = 5A 


1.8 


V BE 

Base-Emitter Voltage 

V C E - 5 V, 

l C = 5A 

See Notes 5 and 6 

1.8 

V 



Vce = 5 V, 

l C = 10 A 


2.2 


v CE(sat) 

Collector-Emitter Saturation Voltage 

l B - 0.5 A, 

l C =5A 

See Notes 5 and 6 

0.9 

V 

'B = 1 A, 

l C = 10 A 

2.2 

hfe 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

v C E = 5 v, 

l C = 0,2A, 

f = 1 kHz 

20 


l h fe| 

Small-Signal Common-Emitter 

Forward Current T ransfer Ratio 

v C E = 5 v. 

IC= 2 A, 

f = 20 MHz 

2.5 


c obo 

Common-Base Open-Circuit Output Capacitance 

v C b = io v. 

'E = 0, 

f = 1 MHz 

275 

pF 


NOTES: 


These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


thermal characteristics 


PARAMETER 

MAX 

UNIT 

R#jC Junction to Case Thermal Resistance 

1.5 

°C/W 


switching characteristics at 25°C case temperature 


1 PARAMETER | 

TEST CONDITIONS* 

TYP 

UNIT 

ton 

Turn-On Time 

l C = 10 A, 

'b(1) = 1A, 'b(2) = -1A, 

0.5 


toff 

Turn-Off Time 

v BE(off) = 

—3.8 V, R|_ = 3 57, See Figure 1 

1.3 

MS 


+ Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


*JEDEC registered data 
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TYPE 2N6128 
N-P-N SILICON POWER TRANSISTOR 


PARAMETER MEASUREMENT INFORMATION 



TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A. V gen is a — 30-V pulse (from 0 V) into a 50-12 termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 15 ns, tf < 15 ns, Z out = 50 12, t w = 20 jus, 
duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, Rj n >10 M12, Cj n < 1 1 .5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 
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FIGURE 1 


INDUCTIVE LOAD SWITCHING 



— H h— t w (See Note A) 



v BE(off) 

RATED 

ENERGY 

L 

r BB1 

V BB2 

•cm 

tw 

0 V 

50 mJ 

4 mH 

2012 

0 V 

5 A 

«1 ms 

-4 V 

40 mJ 

0.2 mH 

512 

4 V 

20 A 

~0.2 ms 


TEST CIRCUIT VOLTAGE AND CURRENT WAVEFORMS 

NOTE A: Input pulse width is increased until the collector current reaches the specified peak value of Iqm- 

FIGURE 2 
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TYPE 2N6128 

N-P-N SILICON POWER TRANSISTOR 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT 
TRANSFER RATIO 


COLLECTOR CURRENT 



FIGURE 3 



BASE-EMITTER VOLTAGE 
vs 


CASE TEMPERATURE 



FIGURE4 


COLLECTOR-EMITTER 
SATURATION VOLTAGE 


CASE TEMPERATURE 
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FIGURE 5 


NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 
0.125 inch from the device body. 


MAXIMUM SAFE OPERATING AREAS 


o 

E 


I 

o 


MAXIMUM COLLECTOR CURRENT 
vs 

COLLECTOR-EMITTER VOLTAGE 
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Vce -C ollector-Emitter Voltage— V 

FIGURE 6 


MAXIMUM COLLECTOR CURRENT 


vs 



0.1 0.2 0.4 0.7 1 2 4 7 10 


L- Unclamped Inductive Load— mH 
FIGURE 7 


NOTES: 7. Above these points the safe operating areas have not been defined. 

8. This curve is based on the capability of the transistor to operate safely in the circuit of Figure 2 with Rbbi ** 10 • VgBl/lc- 
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TYPES 2N6270. 2N6271, 2N6272, 2N6273 
N-P-N SILICON POWER TRANSISTORS 


r FOR POWER-AMPLIFIER AND HIGH-SPEED SWITCHING APPLICATIONS 

• 100-mJ Reverse-Energy Rating 

• 30-A Rated Continuous Collector Current 

• 150 Watts at 100°C Case Temperature 

• Min fj of 75 MHz at 10 V, 1 A 

* mechanical data 


2N6270. 2N6271 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 
ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 



2N6272, 2N6273 



THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 

ALL JEDEC TO-63 Dl MENS IONS 
± 0540 AND NOTES ARE APPLICABLE 


CASE TEMPERATURE MEA- 
SUREMENT POINT IS UN- 
DERSIDE OF FLAT SUR- 
FACE WITHIN 0.125" FROM 
STUD 




ALL DIMENSIONS ARE IN INCHES 


CO H 
C ■< 
I- TJ 


o o 


>J sj 


r* n> 
Z M 

Ss 

00 “"J 
m w 
oo 



^absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

2N6270 2N6271 
2N6272 2N6273 

Collector-Base Voltage 100 V 120 V 

Collector-Emitter Voltage (See Note 1) 80 V 100 V 

Emitter-Base Voltage 8 V 8 V 

Continuous Collector Current 30 A ► 

Peak Collector Current (See Note 2) <+ 40 A ► 

Continuous Base Current 10 A ► 

Safe Operating Areas See Figures 6 and 7 

Unclamped Inductive Load Energy (See Note 3 and Figure 7) — 100 mJ — ► 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 4) .... 150 W ► 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 5) ... ** 5 W ► 

Operating Collector Junction Temperature Range — 65° C to 200°C 

Storage Temperature Range — 65° C to 200° C 

Terminal Temperature 1/16 Inch from Case for 10 Seconds + 300°C — ► 


NOTES: 1 . This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. This rating is based on the capability of the transistor to operate safely in the circuit of Figure 5. L = 1 mH, F*BB2 = 100 
v BB2 = 0 V, R S - 0.1 V C C = 20 V, Energy « l c 2 L/2. 

4. For operation above 100°C case temperature, refer to Dissipation Derating Curve, Figure 8. 

5. For operation above 25° C free-air temperature, refer to Dissipation Derating Curve, Figure 9. 

* JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication.. 
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TYPES 2N6270, 2N6271, 2N6272, 2N6273 
N-P-N SILICON POWER TRANSISTORS 


^electrical characteristics at 25° C case temperature (unless otherwise noted) 







2N6270 

2N6271 



PARAMETER 


TEST CONDITIONS 

2N6272 

2N6273 

UNIT 






MIN 

MAX 

MIN 

MAX 


v (BR)CEO 

Collector-Emitter 

Breakdown Voltage 

Iq = 30 mA, 

>B = 0* 

See Note 6 

80 

100 

V 

•CEO 

Collector Cutoff Current 

V CE = 40 V, 

o 

ii 

QQ 


1 


mA 

V CE = 50 V, 

Ifi = o 



1 



V C E = 100 V, 

V BE = 0 


1 



‘CES 

Collector Cutoff Current 

V CE = 120 V, 

< 

03 

m 

o 



1 

mA 



V CE = 60 V, 

v BE = o, 

T C = 150°C 

2 

2 


»EBO 

Emitter Cutoff Current 

V EB = 5V, 

l C = 0 


0.1 

0.1 


V EB = 8V, 

| C = 0 


1 

1 


h F E 

Static Forward Current 

Vqe = 4 V, 

l C = 15 A, 

See Notes 6 and 7 

20 

100 

20 

100 


Transfer Ratio 

V C E = 4 V. 

l C = 30 A, 

See Notes 6 and 7 

10 

10 


V BE 

Base-Emitter Voltage 

V C E = 4 V, 

l C = 30 A, 

See Notes 6 and 7 

2.2 

2.2 

V 

v CE(sat) 

Collector-Emitter 

lB = 1.6 A, 

«C= 15 A, 

See Notes 6 and 7 

1 

1 


Saturation Voltage 

•b = 6A, 

l C = 30 A, 

See Notes 6 and 7 

2 

2 

V 

hfe 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

Vqe = 10 V, 

«C= 1 A, 

f = 1 kHz 

30 

30 


lhf e l 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V C E = 10 V, 

IC= 1 A, 

f = 5 MHz 

15 

15 



*JEDEC registered data 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* 

2N6270 

2N6272 

2N6271 

2N6273 

UNIT 

TYP 

TYP 

t on Turn-On Time 

•c = 15 A, l B ( D - 1 -2 A, l B(2) = -1.2A, 

v BE(off) = ~ 1 6.3 V, R|_ = 2£2, See Figure 1 

0.5 

0.5 

US 

toff Turn-Off Time 

1.3 

1.3 


tVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



0.1 0.2 0.4 0.7 1 2 4 7 10 20 40 

IC-Collector Current— A 


BASE-EMITTER VOLTAGE 


vs 



-75 -50 -25 0 25 50 75 100 125 150 175 
Tq— C ase Temperature— °C 


COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 



- 75 - 50-25 0 25 50 75 100 125 150 175 


Tq — Case Temperature— °C 


FIGURE 1 


FIGURE 2 


FIGURE 3 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 /Lis, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 
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TYPES 2N6270. 2N6271, 2N6272, 2N6273 
N-P-N SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 



TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A. V gen is a — 30-V pulse (from 0 V) into a 50T2 termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 1 5 ns, tf < 1 5 ns, Z out = 50 S7, t w = 20 jus, 
duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 1 5 ns, R, n >10 MQ, Cj n < 1 1 .5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 

FIGURE 4 


INDUCTIVE LOAD SWITCHING 




NOTE A: Input pulse width is increased until I^M = 141 A - 


FIGURE 5 
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TYPES 2N6270, 2N6271, 2N6272. 2N6273 
N-P-N SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 


MAXIMUM COLLECTOR CURRENT 

VS 

COLLECTOR-EMITTER VOLTAGE 




VCE— 1 Collector-Emitter Voltage-V 
FIGURE 6 


MAXIMUM COLLECTOR CURRENT 


vs 



0.1 0.2 0.4 0.7 1 2 4 

L— Unclamped Inductive Load— mH 
FIGURE 7 


NOTE 8: Above this point the safe operating area has not been defined. 

THERMAL INFORMATION 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



80 100 120 140 160 180 200 


Tc— Case Temperature— °C 

FIGURE 8 
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FIGURE 9 
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TYPES 2N6322 THRU 2N6325 
N-P-N SILICON POWER TRANSISTORS 


HIGH VOLTAGE, HIGH FORWARD AND REVERSE ENERGY 
DESIGNED FOR INDUSTRIAL AND MILITARY APPLICATIONS 


*mechanical data 


100-mJ Reverse- Energy Rating 
30-A Rated Continuous Collector Current 
200 Watts at 100°C Case Temperature 
Min V(BR)CEO of 300 V (2N6323, 2N6325) 


2N6322, 2N6323 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 
ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 



2N6324, 2N6325 

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 

ALL JEDEC TO-63 DIMENSIONS 
AND NOTES ARE APPLICABLE 



L, 0-1*7 

| 0.090 0 105 


) J 

3 

' 0775 1 

0 74$ 0.075 
, OIA 

0 105 I DIA 

, 0060 1 

til 1 

4—0.300 

MAX 

0.93$ 

04i0 10* 
0.93; 


1 iMima 

2 OASf 

3 COUKTOt 



CASE TEMPERATURE MEA- 
SUREMENT POINT IS UN- 
DERSIDE OF FLAT SUR- 
FACE WITHIN 0.125" FROM 
STUD 


ALL DIMENSIONS ARE IN INCHES 

IT 




ODH 

C< 

r~o 

i~m 

mw 

Hio 


PS 

H 

Sc 

gw 

8H 


c 

> 

30 

•< 


“absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


2N6322 2N6323 

2N6324 2N6325 

Collector-Base Voltage 300 V 400 V 

Collector-Emitter Voltage (See Note 1) 200 V 300 V 

Emitter-Base Voltage 5 V 5 V 

Continuous Collector Current * 30 A ► 

Peak Collector Current (See Note 2) *— 40 A ► 

Continuous Base Current •*—10 A — 

Safe Operating Areas See Figures 6 and 7 

Unclamped Inductive Load Energy (See Note 3 and Figure 7) * — 100 mJ — ► 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 4) .... * — 200 W ► 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 5) ... * 5 W ► 

Operating Collector Junction Temperature Range — 65°C to 200°C 

Storage Temperature Range -65° C to 200° C 

Terminal Temperature 1/16 Inch from Case for 10 Seconds ** — 230°C ► 


NOTES: 


1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. This rating is based on the capability of the transistor to operate safely in the circuit of Figure 5. L = 30 mH, RbB 2 = 10 ® 
V BB2 = 0 V, R s - 0.1 ft, V cc = 20 V, Energy « lc 2 L/2. 

4. For operation above 100°C case temperature, refer to Dissipation Derating Curve, Figure 8. 

5. For operation above 25°C free-air temperature, refer to Dissipation Derating Curve, Figure 9. 


*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication.. 
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TYPES 2N6322 THRU 2N6325 
N-P-N SILICON POWER TRANSISTORS 


"electrical characteristics at 25°C case temperature (unless otherwise noted) 







2N6322 

2N6323 



PARAMETER 


TEST CONDITIONS 

2N6324 

2N6325 

UNIT 






MIN 

MAX 

MIN 

MAX 


v (BR)CEO 

Collector-Emitter 

Breakdown Voltage 

Iq = 30 mA, 

i B = o. 

See Note 6 

200 

300 

V 

•CEO 

Collector Cutoff Current 

VqE * 100 V, 

l B = o 


5 



V CE = 150 V, 

l B = 0 



5 




V CE = 300 V, 

v be = o 


2 



'CES 

Collector Cutoff Current 

V CE = 400 V, 

V BE = 0 



2 

mA 



V CE = 200 V, 

v B e = o. 

T C = 150°C 

10 

10 


'EBO 

Emitter Cutoff Current 

Veb = 5 V, 

o 

II 

o 


5 

5 

mA 


Static Forward Current 

Transfer Ratio 

V C E = 5V, 

l C =5A 


40 

150 

30 

150 


h F E 

V CE - 5 V, 

I C = 20A 

See Notes 6 and 7 

12 

12 



V C E = 5 V. 

l C = 30 A 


6 

6 


V BE 

Base-Emitter Voltage 

V C E = 5 V, 

l C = 30 A, 

See Notes 6 and 7 

2.5 

2.5 

V 


Collector-Emitter 

Saturation Voltage 

l B = 0.5 A, 

l C - 5 A 


0.5 

0.5 


v CE(sat) 

l B = 2A, 

l C = 20A 

See Notes 6 and 7 

1.5 

1.5 

V 


l B = 6A, 

l c = 30 A 


3 

3 


hfe 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V C E = 10 V, 

IC= 1 A, 

f = 1 kHz 

35 

30 


lhf e l 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V C E = 10 V, 

IC= 1 A, 

f = 5 MHz 

2 

2 



*JEDEC registered data 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS + 

TYP 

UNIT 

t on Turn-On Time 

IC = 20A, Ib(1) = 2A , • B (2) == -2A, 

^BE(off) “ ~ 3 R L =2fi, See Figure 4 

0.8 

MS 

toff Turn-Off Time 

3 


^Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


STATIC FORWARD CURRENT TRANSFER RATIO 



0.1 0.2 0.4 1 2 4 10 20 40 

IC-Collector Current-A 

FIGURE 1 


TYPICAL CHARACTERISTICS 


BASE-EMITTER VOLTAGE 
vs 



0.1 0.4 1 4 10 40 100 

I C— Collector Current-A 

FIGURE 2 


COLLECTOR-EMITTER SATURATION VOLTAGE 



Iq— C ollector Current-A 

FIGURE 3 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 ms, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 
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TYPES 2N6322 THRU 2N6325 
N-P-N SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 



TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: 


A. V gen is a — 30- V pulse (from 0 V) into a 50-12 termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 15 ns, tf < 15 ns, Z out = 50 12, t w = 20 jus, 
duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, Rj n >10 M12, C in <11.5pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 


5 


FIGURE 4 


INDUCTIVE LOAD SWITCHING 


JT“® VCE 


2N6127 R BB1 =20S2 


MONITOR 


INPUT 
^50 12 

(o)— VVSr- 


50 12 * 


cxr 

100 12 



, INPUT 

| L = 30 mH VOLTAGE 


0- 

•10 > 


TUT 


VBB2 ~ 0 V 


v BB i = 10 V 


+ o 


u 

1 (See Note A) 


M 

r 


— 100 ms — •> 

1 1 


Vcc = 20 V 


2.58 A 

COLLECTOR 
CURRENT 



1 — 


Ic MONITOR V (BR)CER — 1 1-| | Jpj- 


R S = 



tf 


COLLECTOR 

VOLTAGE 

20 V 
v CE(sat) 


I 

1 




TEST CIRCUIT 


VOLTAGE AND CURRENT WAVEFORMS 


NOTE A: Input pulse width is increased until Iqm = 2.58 A. 

FIGURE 5 
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Py- Maximum Continuous Device Dissipation-W |z IC-Maximum Collector Current- 


TYPES 2N6322 THRU 2N6325 
N-P-N SILICON POWER TRANSISTORS 



THERMAL INFORMATION 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 
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Tc— Case Temperature-°C 

FIGURE 8 











\ 

\ 








\ 

R0JA<35°C/W 

\1 1 1 





N 

\ 

V. 








\ 

\ 








\ 
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Ta— F ree-Air Temperature— °C 

FIGURE 9 
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TYPES 2N6326, 2N6327, 2N6328 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


■ FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 

■ DESIGNED FOR COMPLEMENTARY USE WITH 2N6329, 2N6330, 2N6331 

1 • 200 W at 25° C Case Temperature 

I • 30- A Rated Collector Current 

• 200-mJ Reverse Energy Rating 

• High SOA Capability, 20 V and 10 A 


“mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 
ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 



ALL DIMENSIONS ARE IN INCHES 



“absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


2N6326 2N6327 2N6328 

Col lector- Base Voltage 60 V 80 V 100 V 

Collector-Emitter Voltage (See Note 1) 60 V 80 V 100 V 

Emitter-Base Voltage 5 V 5 V 5 V 

Continuous Collector Current < 30 A ► 

Peak Collector Current (See Note 2) 40 A ► 

Continuous Base Current 10 A ► 

Safe Operating Areas at (or below) 25°C Case Temperature — See Figures 3 and 4 — ► 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) . . + 200 W ► 

Continuous Device Dissipation at 100°C Case Temperature (See Note 3)1 + 1 14 W ► 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) + 5 W ► 

Unclamped Inductive Load Energy (See Note 5) 200 mJ ► 

Operating Collector Junction Temperature Range 65°C to 200°C — ► 

Storage Temperature Range 65° C to 200° C — ► 

Terminal Temperature 1/8 Inch from Case for 10 Seconds ** 250°C ► 

NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 1 ms, duty cycle < 10%. 


3. Derate linearly to 200°C case temperature at the rate of 1.14 W/°C or refer to Dissipation Derating Curve, Figure 5. 

4. Derate linearly to 200° C free-air temperature at the rate of 28.6 mW/°C or refer to Dissipation Derating Curve, Figure 6. 

5. This rating is based on the capability of the transistors to operate safely in the circuit of Figure 2. L = 20 mH, RbB2 = ”*00 ft, 
V BB2 * 0 V, R s = 0.1 ft, V cc = 20 V. Energy « l c 2 L/2. 

* JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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TYPES 2N6326, 2N6327, 2N6328 

N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


“electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N6326 

2N6327 

2N6328 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

Collector-Emitter 
(BR)CEO Breakdown Voltage 

Iq = 30 mA, 1 b = 0, See Note 6 

60 

80 

100 

V 

*CEO Collector Cutoff Current 

V C E = 30V, 1 B = 0 

1 



mA 

V C E = 40V, I b = 0 


1 


V ce = 50V, I b = 0 



1 

•CES Collector Cutoff Current 

v C e = 60 v, v B e = o 

0.5 



mA 

v CE = so v, v B e = o 


0.5 


v CE = 100 V, V BE = 0 



0.5 

Vce = 30 V, Vbe = 0, T C = 1 50°C 

5 



V C E = 40 V, V B e = 0, T C = 1 50° C 


5 


vqe = 50 v, v be = o, t c = i 50°c 



5 

l E BO Emitter Cutoff Current 

V E B = 5 V, lc=0. 

0.5 

0.5 

0.5 

mA 

Static Forward Current 

hpE 

Transfer Ratio 

Vce = 4 v, i c = 5 a 

See Notes 6 and 7 

25 

25 

25 


Vce=4V, Iq = 15 A 

12 

12 

12 

V CE =4V, 1 C = 30 A 

6 30 

6 30 

6 30 

Vbe Base-Emitter Voltage 

Vce = 4V, l C =15A 

See Notes 6 and 7 

2 

2 

2 

V 

VcE = 4V, 1 c = 30 A 

4 

4 

4 

VcE(sat) Collector-Emitter Voltage 

l B = 2A, Iq = 15 A 

See Notes 6 and 7 

1.5 

1.5 

1.5 

V 

IB = 7.5 A, l C = 30A 

3 

3 

3 

Small-Signal Common-Emitter 

hf e 

Forward Current Transfer Ratio 

Vce * 10 V, lc = 1A, f = 1 kHz 

30 

30 

30 


. , Small-Signal Common-Emitter 

' e ' Forward Current Transfer Ratio 

V CE = 10 V, lc=1A, f = 1 MHz 

3 

3 

3 



NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 

*JEDEC registered data 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* j 

TYP 

UNIT 

ion 

Turn-On Time 

l C = 15A. 

'B(1I = 2A, Ib(2) = -2A, 

0.6 


toff 

Turn-Off Time 

v BE(off) = ~4 V, 

See Figure 1 

0.9 

US 


^Voltage and current values shown are nominal, exact values vary slightly with transistor parameters. 
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TYPES 2N6326, 2N6327, 2N6328 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 



TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: 


A. V gen is a — 30-V pulse (from 0 V) into a 50-J2 termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 1 5 ns, tf < 1 5 ns, Z out = 50 ft, t w = 20 jus, 
duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, Rj n ^10 M12, Cj n < 1 1 .5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 


5 


FIGURE 1 


INDUCTIVE LOAD SWITCHING 



NOTE A: Input pulse width is increased until Iqm = 4.5 A. 


FIGURE 2 
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TYPES 2N6326, 2N6327. 2N6328 

N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 


MAXIMUM COLLECTOR CURRENT 


VS 



4 7 10 20 40 70100 200 400 


MAXIMUM COLLECTOR CURRENT 
vs 



0.1 0.2 0.4 0.71 2 4 7 10 20 40 100 


VcE— Collector-Emitter Voltage— V 
FIGURE 3 


L— Undamped Inductive Load— mH 
FIGURE 4 


NOTE 8: Above this point the safe operating area has not been defined. 


THERMAL INFORMATION 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



0 25 50 75 100 125 150 175 200 


Tc— Case Temperature— °C 


a 

5 


c 

O 

E 

3 

E 


FREE-AIR TEMPE RATU R E 
DISSIPATION DERATING CURVE 



0 25 50 75 100 125 150 175 200 

Ta— F ree-Air Temperature— °C 


FIGURE 5 


FIGURE 6 
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TYPES 2N6329, 2N6330, 2N6331 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N6326, 2N6327, 2N6328 

• 200 W at 25° C Case Temperature 

• 30-A Rated Collector Current 


• 200-mJ Reverse Energy Rating 

• High SOA Capability, 20 V and 10 A 


* mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 
ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 



ALL DIMENSIONS ARE IN INCHES 


5 


“absolute maximum ratings at 25° C case temperature (unless otherwise noted) 


2N6329 2N6330 2N6331 

Collector-Base Voltage —60 V —80 V —100 V 

Collector-Emitter Voltage (See Note 1) —60 V —80 V —100 V 

Emitter-Base Voltage —5 V —5 V —5 V 

Continuous Collector Current + 30 A ► 

Peak Collector Current (See Note 2) + 40 A ► 

Continuous Base Current <+ 10 A ► 

Safe Operating Areas at (or below) 25°C Case Temperature See Figures 3 and 4 — ► 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) . . + 200 W ► 

Continuous Device Dissipation at 100°C Case Temperature (See Note 3) + 1 14 W ► 

Continuous Device Dissipation at (or below) 25° C Free-Air Temperature (See Note 4) + 5 W 

Unclamped Inductive Load Energy (See Note 5) 200 mj ► 

Operating Collector Junction Temperature Range 65°Cto200°C ► 

Storage Temperature Range 65°C to 200°C ► 

Terminal Temperature 1/8 Inch from Case for 10 Seconds -250° C ► 

NOTES: 1. These value apply when the base-emitter diode is open-circuited. 

2. This value applies for < 1 ms, duty cycle < 10%. 


3. Derate linearly to 200°C case temperature at the rate of 1.14 W/°C or refer to Dissipation Derating Curve, Figure 5. 

4. Derate linearly to 200°C free-air temperature at the rate of 28.6 mW/°C or refer to Dissipation Derating Curve, Figure 6. 

5. This rating is based on the capability of the transistors to operate safely in the circuit of Figure 2. L = 20 mH, RbB2 = TOO SI, 
V bb 2 = 0 V, Rg =0.1 SI, V qq = 20 V. Energy Iq^l/2. 

* JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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TYPES 2N6329, 2N6330, 2N6331 

P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


*electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N6329 

2N6330 

2N6331 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

Collector-Emitter 

V (B R )CEO Breakdown voltage 

lc~ — 30 mA, l B = 0, See Note 6 

-60 

-80 

-100 

V 

*CEO Collector Cutoff Current 

Vce = -30V, l B = 0 

-1 



mA 

V C E = -40V, l B = 0 


-1 


V C E = ~50V, l B = 0 



-1 

ICES Collector Cutoff Current 

V C E = -60 V, V BE = 0 

-0.5 



mA 

V C E = “SO V, V BE = 0 


-0.5 


v CE = -ioov, V BE = 0 



-0.5 

VcE = -30 V, V BE = 0, T C = 150 6 C 

-5 



V CE = -40 V, V BE = 0, T C =150°C 


-5 


V C E = -50V, V be = 0, T c = 150°C 



-5 

*EBO Emitter Cutoff Current 

V EB = —5 V, l c - 0, 

-0.5 

-0.5 

-0.5 

mA 

Static Forward Current 

hpE 

Transfer Ratio 

Vq E = — 4 V, Iq - —5 A 

See Notes 6 and 7 

25 

25 

25 


V CE = -4V, l C = -15A 

12 

12 

12 

Vce = “4V, 1 c = —30 A 

6 30 

6 30 

6 30 

V B e Base-Emitter Voltage 

V CE =-4V, l C = ~15A 

See Notes 6 and 7 

-2 

-2 

-2 

V 

V CE = -4V, l C = —30 A 

-4 

-4 

-4 

v CE(sat) Collector-Emitter Voltage 

l B = —2 A, l C = -15 A 

See Notes 6 and 7 

-1.5 

-1.5 

-1.5 

V 

l B = —7.5 A, 1 C = —30 A 

-3 

-3 

-3 

, Small-Signal Common-Emitter 

hf e 

Forward Current Transfer Ratio 

V CE = -10V, | c = —1 a, f = 1 kHz 

30 

30 

30 


Small-Signal Common-Emitter 

hf e 

Forward Current Transfer Ratio 

Vce = -10V, l C = _1 A, f = 1 MHz 

3 

3 

3 



NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured. with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 

*JEDEC registered data 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* 

TYP 

UNIT 

t on Turn-On Time 

|q = — 15 A, 1 B (1 ) = —2 A, <B(2) = 2 A, 

V B E(off) = 4V, R L =2ft, See Figure 1 

0.6 

jus 

toff Turn-Off Time 

0.9 


^Voltage and current values shown are nominal, exact values vary slightly with transistor parameters. 
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TYPES 2N6329, 2N6330, 2N6331 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 



NOTES: 


A. V gen is a 30-V pulse (from 0 V) into a 50-12 termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 15 ns, tf < 15 ns, Z out = 50 12, t w = 20 jus, 
duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 1 5 ns, Rj n >10 M12, Cj n < 1 1 .5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 


5 


FIGURE 1 


INDUCTIVE LOAD SWITCHING 



NOTE A: Input pulse width is increased until I ciS/l = — 4.5 A. 

FIGURE 2 
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TYPES 2N6329, 2N6330, 2N6331 

P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 


MAXIMUM COLLECTOR CURRENT 


VS 



-4 - 7-10 -20 -40 -100 -200 -400 


MAXIMUM COLLECTOR CURRENT 


vs 



0.1 0.2 0.4 0.71 2 4 7 10 20 40 100 


Vce— C ollector-Emitter Voltage-V 
FIGURE 3 


L— Undamped Inductive Load— mH 
FIGURE 4 


NOTE 8: Above this point the safe operating area has not been defined: 

~ ~ ~ THERMAL INFORMATION 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



Tq— C ase Temperature— °C 
FIGURE 5 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 


o 

o 


1 

I 

F- 

Q_ 



Ta— F ree-Air Temperature— °C 


FIGURE 6 
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TYPES TI486, TI487 

N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


HIGH-FREQUENCY INTERMEDIATE-POWER TRANSISTORS 


• 15 Watts at 100°C Case Temperature 

• Typ V cE(sat) of 0.2 V at 200 mA 

• Typ V BE of 0.8 V at 200 mA 

• Typ f T of 50 MHz at 10 V, 100 mA 


mechanical data 



absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TI486 TI487 


Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) 

Safe Operating Region at (or below) 100°C Case Temperature . . . 

Continuous Device Dissipation at (or below) 100°C Case Temperature 

(See Note 3) 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature 
(See Note 4) 

Operating Case Temperature Range 

Storage Temperature Range 


■< 80 V >- 

60 V ► 

< 6 V ► 

-< 1 A >- 

■< 1.5 A >- 

See Figure 8 

15 W ► 


1 W 2 W 

65°C to 200°C >* 

■< — 65°C to 200°C >- 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t p < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 150 mW/deg. 

4. Derate linearly to 200°C free-air temperature at the rate of 5.7 mW/deg for the TI486 and 11.4 mW/deg for the TI487. 
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TYPES TI486, TI487 

N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

V[br)cbo Collector-Base Breakdown Voltage 

l c = 100/xA, l E = 0 

80 

V 

V(br)ceo Collector-Emitter Breakdown Voltage 

l c = 30 mA, l B = 0, See Note 5 

60 

V 

l CES Collector Cutoff Current 

Vce = 60 V, V BE = 0 

3 

/*A 

V, CE = 60 V, V BE = 0, T c = 150°C 

300 

Iebo Emitter Cutoff Current 

Veb = 6 V, lc = 0 

20 

fik 

Hfe Static Forward Current Transfer Ratio 

Vce = 5 V, l c = 200 mA, See Notes 5 and 6 

20 80 


V B e Base-Emitter Voltage 

l B = 20 mA, lc = 200 mA, See Notes £ and 6 

0.8 2 

V 

VcE(sat) Collector-Emitter Saturation Voltage 

l B = 20 mA, l c = 200 mA, See Notes 5 and 6 

0.2 2 

V 

Small-Signal Common-Emitter 
hfe Forward Current Transfer Ratio 

Vce = 10 V, l c = 100 mA, f = 10 MHz 

5 


Common-Base Open-Circuit 
' ,obo Output Capacitance 

V C b= 10 V, l E = 0, f = 1 MHz 

30 

PF 


NOTES: 5. These parameters must be measured using pulse techniques. t p = 300 {is, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


thermal characteristics 


PARAMETER 

TI486 

TI487 

UNIT 

MAX 

MAX 

0j-c 

Junction-to-Case Thermal Resistance 

6.67 

6.67 

deg/W 

0J-A 

Junction-to-Free-Air Thermal Resistance 

175 
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TYPES TI486, TI487 

N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


switching characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONS! 

TYP 

UNIT 

ton Turn-On Time 

Ic — 200 mA, 1 B| i = 20 mA, 1 B ( 2 ) = —20 mA, 

VBE(off) = -3.4 V , R l = 150 (2, See Figure 1 

0.14 

/« 

t of f Turn-Off Time 

2.6 


fVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 



TEST CIRCUIT 


+37.3 V 
-0.1 V 



INPUT 


OUTPUT 


VOLTAGE WAVEFORMS 


FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t f < 15 ns, t f < 15 ns, = 50 U, t p = 10 /cs, duty cycle < 2%. 

b. - Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, R in > 10 Mft, C jn < 11.5 pF. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 
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— Collector-Emitter Saturation Voltage 


TYPES TI486, TI487 

N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



0.01 0.02 0.04 0.070.1 0.2 0.4 0.7 1 

l c — Collector Current — A 


FIGURE 2 


BASE-EMITTER VOLTAGE 
. vs 


CASE TEMPERATURE 



T^. — Case Temperature — °C 


FIGURE 3 


COLLECTOR-EMITTER SATURATION VOLTAGE 


vs 



-75 -50 -25 0 25 50 75 100 125 150 


T^. — Case Temperature — °C 


NORMALIZED COL LECTOR- EMITTER BREAKDOWN VOLTAGE 



Rbe — Base-Emitter Resistance — & 


FIGURE 4 

NOTES: 5. These parameters must be measured using pulse techniques. f p = 300 /zs, duty cycle < 2%. 

6 . These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


FIGURE 5 
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TYPES TI486, TI487 
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


COMMON-BASE OPEN-CIRCUIT 
INPUT AND OUTPUT CAPACITANCE 


vs 



1 2 4 7 10 20 40 

Reverse Bias Voltage — V 

FIGURE 6 


SMALL-SIGNAL COMMON-EMITTER 



FIGURE 7 


5 


MAXIMUM SAFE OPERATING REGION 



1 2 4 7 10 20 40 70 100 200 

Vce — Collector-Emitter Voltage — V 

FIGURE 8 
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TYPES TI486, TI487 

N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


5 


5-314 


THERMAL INFORMATION 



Tc — Case Temperature — °C 


PEAK-POWER COEFFICIENT CURVE 



t p — Pulse Width — ms 


FIGURE 9 


FIGURE 10 


SYMBOL DEFINITION 


SYMBOL 

DEFINITION 

VALUE 

UNIT 

* 

00 

O 

TI487 

P T(av) 

Average Power Dissipation 



W 

^T(max) 

Peak Power Dissipation 



w 

0J-A 

Junction-to-Free-Air Thermal Resistance 

175 

87,5 

deg/W 

0J-C 

Junction-to-Case Thermal Resistance 

6.67 

6.67 

deg/W 

0C-A 

Case-to-Free-Air Thermal Resistance 

168 

81 

deg/W 

0C-HS 

Case-to-Heat-Sink Thermal Resistance 


deg/W 

#HS-A 

Heat-Sink-to-Free-Air Thermal Resistance 


deg/W 

t a 

Free-Air Temperature 


°C 

T C 

Case Temperature 


°C 

T J(av) 

Average Junction Temperature 

< 200 

°C 

^J(max) 

Peak Junction Temperature 

< 200 

°C 

K 

Peak-Power Coefficient 

See Figure 10 


f P 

Pulse Width 


ms 

*x 

Pulse Period 


ms 

d 

Duty-Cycle Ratio (t p /f x ) 




Equation No. 1 — Application: d-c power dissipation, 
heat sink used. 

= Tj {a y)-T A for 100°C < T c < 200°C 

™ 6>J.C + 0C-HS + 0HS-A Fi3 “' e ’ 

Equation No. 2 — Application: d-c power dissipation, 
no heat sink used. 


P TM = Ta - <« 25'C < T A < 200-C 

0J-A 

Equation No. 3 — Application: Peak power dissipation, 
heat sink used. 


r T(max) 


d (0C-HS + ^HS-a) + K #J-C 


for 100°C < T c < 200° 


Equation No. 4 — Application: Peak power dissipation, 
no heat sink used. 


p Tlma*l = ^ for 25°C < T. < 200°C 

T|m “’ <1 0 C -A + « 0J.C “ 


Example — Find Pyfmaxl ( desi 9 n lim '*) 

OPERATING CONDITIONS: 

^C-HS 0HS-A = ^ de fl/W (From information supplied 
with heat sink.) 

Tj(av) (design limit) = 200°C 
T a = 50° C 
d = 10% (0.1) 
t p = 0.1 ms 


Solution: 

From Figure 10, Peak-Power Coefficient 
K = 0.11 and by use of equation No. 3 


T J(max) ~ T A 


d (6>C-HS + ^HS-A) + * 0J-C 
200 - 50 


r T(max) ’ 


0.1 (7) + 0.11 (6.67) 


-= 105 W 
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TYPES TI1131, TI1132, TI1133, Tl 1134, Tl 1135, TI1136 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


HIGH-VOLTAGE, HIGH-FREQUENCY POWER TRANSISTORS 
FOR INDUSTRIAL APPLICATIONS 

• 80 Watts at 55°C Case Temperature 

• Maximum res of 0.5 Ohm at 2 Amperes lc 

• Maximum Vbe of 2 Volts at 2 Amperes k 

• Minimum fj of 7.5 Megacycles 


mechanical data 

The transistors are in hermetically-sealed welded packages. 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



CASE TEMPERATURE 
MEASUREMENT POINT 
IS UNDERSIDE OF 
FLAT SURFACE WITHIN 
0.125" FROM STUD 

*ALL JEDEC TO-61 
DIMENSIONS AND 
NOTES ARE 
APPLICABLE 



ALL DIMENSIONS ARE IN INCHES 



5 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Til 131 Til 1 33 Til 135 
Til 132 Til 1 34 Til 136 


Collector-Base Voltage 200 v 150v lOOv 

Collector-Emitter Voltage (See Note 1) lOOv 75 v 50 v 

Emitter-Base Voltage -< 8 v >- 

Collector Current, Continuous 7.5 a >- 

Emitter Current, Continuous 7.5 a >- 

Safe Continuous Operating Region at (or below) 55°C Case Temperature . . . See Figure 1 

Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 3 w y 

Total Device Dissipation at (or below) 55°C Case Temperature (See Note 3) . 80 w y 

Operating Collector Junction Temperature -< 175°C y 

Storage Temperature Range — 65°C to +200°C 


NOTES: 1. This value applies when base-emitter diode is open-circuited. 

2. Derate linearly to 175°C free-air temperature at the rate of 20 mw/C°. 

3. Derate linearly to 175°C case temperature at the rate of 0.67 w/C°. 
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TYPES TI1131, Ti 1132, T11133, Tl 1134, Tl 1135, TI1136 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TYPE 

MIN 

MAX 

UNIT 




Till 31, Till 32 

200 


V 

BVcbo 

Collector-Base 

Breakdown Voltage 

l c = 10 ma, 1 E = 0 

Til 133, Til 134 

150 


V 



Til 135, Til 1 36 

100 


V 




Til 131, Til 1 32 

100 


V 

BVceo 

Collector-Emitter 

Breakdown Voltage 

lc = 0-2 a, lg — 0, 

(See Note 4) 

Til 133, Til 1 34 

75 


V 


Til 135, Til 1 36 

50 


V 



V CE = 30 v, V BE = 0 

All 


100 

/xa 


Collector Cutoff Current 

V CE = 100v, V be = 0, T c = 150°C 

Till 31 , Till 32 


10 

ma 

•ces 

Vce = 75 v, V BE = 0, T c = 150°C 

Til 133, Til 1 34 


10 

ma 



Vce = 50 v, V be = 0, T c = 1 50°C 

Tl 1 1 35, Til 1 36 


10 

ma 

Ubo 

Emitter Cutoff Current 

<=> 

II 

_o 

oo 

II 

> 

All 


1.0 

ma 


Static Forward Current 

Vce — 4 v, l c = 2.0 a, 

Til 1 31 , Til 1 33 

Til 1 35 

30 

120 


Hfe 

Transfer Ratio 

(See Note 4) 

Till 32, Til 134 

Til 1 36 

15 

60 


Vbe 

Base-Emitter Voltage 

l 8 = 0.20 a, l c = 2.0 a, (See Note 4) 

All 


2.0 

V 

ICEM) 

Static Collector-Emitter 
Saturation Resistance 

Ib^O. 200, l c = 2.0a, 

(See Note 4) 

All 


0.5 

ohm 

|h.e| 

Small-Signal Common- 
Emitter Forward Current 

Transfer Ratio 

Vce = 15 v, l c = 0.5a, f = 7.5mc, 

(See Note 5) 

All 

1.0 

■ 

■ 

Cob 

Common-Base Open- 
Circuit Output Capacitance 

V CB = 15 v, l E = 0 f = 1.0 me 

All 



n 


NOTES: 4. These parameters must be measured using pulse techniques. PW = SOO^tsec, Duty Cycle *^2%. 
5. If tested without a heat sink, DC collector current must not be applied longer than 5 seconds. 

thermal characteristics 


| PARAMETER 

TYPE 

MIN 

MAX 

UNIT 

0J-C 

iunction-to-Case Thermal Resistance 

All 


1.5 

C°/w 

6 j-a 

Junction-to-Free-Air Thermal Resistance 

All 


50 

CVw 
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mechanical data 


TYPES TI1151, Tl 1152, Tl 1153, Tl 1154, TI1155, TI1156 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


HIGH-VOLTAGE, HIGH-FREQUENCY POWER TRANSISTORS 
FOR INDUSTRIAL APPLICATIONS 

• 80 Watts at 55°C Case Temperature 

• Maximum r cs of 0.5 Ohm at 5 Amperes l c 

• Maximum V BE of 2 Volts at 5 Amperes l c 

• Minimum f T of 7.5 Megacycles 



The transistors are in hermetically-sealed welded packages. 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



CASE TEMPERATURE 
MEASUREMENT POINT 
IS UNDERSIDE OF 
FLAT SURFACE WITHIN 
0.125" FROM STUD 

*ALL JEDEC T 0-6 1 
DIMENSIONS AND 
NOTES ARE 
APPLICABLE 



ALL DIMENSIONS ARE IN INCHES 


5 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Tni51 TI1153 Til 1 55 
■Til 152 Til 154 Til 156 


Collector-Base Voltage 200 v 150v lOOv 

Collector-Emitter Voltage (See Note 1) 100 v 75 v 50 v 

Emitter-Base Voltage 8 v y 

Collector Current, Continuous 7.5 a y 

Emitter Current, Continuous 7.5 a y 

Safe Continuous Operating Region at (or below) 55°C Case Temperature . . . See Figure 1 

Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 3 w y 

Total Device Dissipation at (or below) 55°C Case Temperature (See Note 3) . 80 w y 

Operating Collector Junction Temperature 175°C y 

Storage Temperature Range — 65°C to +200°C 


NOTES: 1. This value applies when base-emitter diode is open-circuited. 

2. Derate linearly to 175°C free-air temperature at the rate of 20 mw/C°. 

3. Derate linearly to 175°C case tempeiuture at the rate of 0.67 w/C°. 
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TYPES Tl 1151, TI1152, Tl 1153, Tl 1154, Tl 1155, TI1156 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


5-318 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TYPE 

MIN 

MAX 

UNIT 


Collector-Base 

Breakdown Voltage 


Til 151, Til 1 52 

200 


V 

BVcbo 

l c = 10 ma, l E = 0 

Til 153, Til 154 

150 


V 



Til 155, Til 1 56 

100 


V 


Collector-Emitter 

Breakdown Voltage 

l c = 0.2 a, l B = 0, 

(See Note 4) 

Til 151, Til 152 

100 


V 

BVceo 

Til 153, Till 54 

75 


V 


Til 1 55, Til 156 

50 


V 



V C e = 30 v, V BE = 0 

All 


100 

fMQ 

Ices 

Collector Cutoff Current 

V C e = 100 v, V B e = 0, T c = 150°C 

Till 51, Til 1 52 


10 

ma 

Vce = 75 v, V BE = 0, T c = 150°C 

Til 153, Til 154 


10 

ma 



V C e — 50 v, V BE = 0, T c = 150°C 

Til 155, Til 156 


10 

ma 

Iebo 

Emitter Cutoff Current 

Veb =: 8 v, lc — 0 

All 


1.0 

ma 

Hfe 

Static Forward Current 

Vce — 4 v, l c = 5.0 a, 

Til 151, Til 1 53 

Til 1 55 

20 

80 


Transfer Ratio 

(See Note 4) 

Till 52, Til 154 
Till 56 

10 

40 


Vbe 

Base-Emitter Voltage 

l B = 0.50 a, l c = 5.0 a, (See Note 4) 

All 


2.0 

V 

rCE(sat) 

Static Collector-Emitter 
Saturation Resistance 

l B = 0.50a, l c = 5.0a, 

(See Note 4) 

All 


0.5 

ohm 

IM 

Small-Signal Common- 
Emitter Forward Current 

Transfer Ratio 

V CE = 15 v, l c = 0.5 a, f = 7.5mc, 

(See Note 5) 

All 

1.0 



C 0 b 

Common-Base Open- 
Circuit Output Capacitance 

V C b = 15v, l E = 0, f = 1.0 me 

All 


550 

Pf 


NOTES: 4. These parameters must be measured using pulse techniques. PW = 300^usec, Duty Cycle <^2%. 
5. If tested without a heat sink, DC collector current must not be applied longer than 5 seconds. 


thermal characteristics 


PARAMETER 

TYPE 

MIN 

MAX 

UNIT 

0J-C 

Junction-to-Case Thermal Resistance 

All 


1.5 

C°/w 

0J-A 

Junction-to-Free-Air Thermal Resistance 

All 


50 

C°/w 



Figure 1 
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TYPES TIP29, TIP29A, TIP29B, TIP29C 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP30, TIP30A, TIP30B, TIP30C 

• 30 W at 25° C Case Temperature 

• 1 A Rated Collector Current 

• Min f T of 3 MHz at 10 V, 200 mA 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


LI 




1 

-L 


JToho 

~cy — f olSo 

J|*L_0*21 
5 1 r 0.19 




(TO-66 DIMENSIONS) 



r~ 

0115 

0.095 


0.055 ^ f 
0 045 


0 210 0.035 CASE TEMPERATURE 



0.040 
RAD (2 PLACES) 



ALL DIMENSIONS ARE IN INCHES 


X 00 H 
m C< 

DPT) 

r r" m 
>mw 

O H H 

C0 Z^ 
_ NJ 
DO Z CO 

CO' 
r ‘ Z2 
r Otj 
m r fo 

z 2 d 

PSS 

CO O H 

ii8 


m 


c v| 

r o 
■< 


5 


absolute maximum ratings at 25° C case temperature (unless otherwise noted) 


Collector-Base Voltage 

Co I lector- Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) 

Continuous Base Current 

Safe Operating Region at (or below) 25°C Case Temperature 
Continuous Device Dissipation at (or below) 25°C Case 

Temperature (See Note 3) 

Continuous Device Dissipation at (or below) 25°C Free-Air 

Temperature (See Note 4) 

Unclamped Inductive Load Energy (See Note 5) .... 

Operating Collector Junction Temperature Range . . . 

Storage Temperature Range 

Lead Temperature 1/8 Inch from Case for 10 Seconds . . 


TIP29 

40 V 
40 V 

TIP29A TIP29B 

60 V 80 V 

60 V 80 V 

c \/ 

TIP29C 
100 V 
100 V 

u v 


— n a a 


U.“L f~\ 




See Figure 5 

30 W 

► 


2 W 

QO rv-> 1 


IIIJ 

— 65°C to 150°C 

£ 

— 65°C to 150°C — 

► 

260° C 

^ 


NOTES: 1 . This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 1 50°C case temperature at the rate of 0.24 W/°C. 

4. Derate linearly to 150°C free-air temperature at the rate of 16 mW/°C. 

5. This rating is based on the capability of the transistor to operate safely in the circuit of Figure 2. L = 20 mH, RbB 2 = 100 ft, 
V BB2 = 0 V, Rg = 0.1 ft, Vqq = 10 V. Energy « l c 2 L/2. 
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TYPES TIP29, TIP29A, TIP29B, TIP29C 

N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


electrical characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

TIP29 

TIP29A 

TIP29B 

TIP29C 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

Collector-Emitter 
v (BR)CEO Breakdown Voltage 

Iq = 30 mA, IB = 0, 

See Note 6 

40 

60 

80 

100 

V 

Collector Cutoff 
,CE0 Current 

V C E=30V, l B = 0 

0.3 

0.3 



mA 

Vce “ 60 V, Ib = 0 



0.3 

0.3 

Collector Cutoff 
,CES Current 

Vce = 40 V, V BE = 0 

0.2 




mA 

V CE = 60 V, V B E = 0 


0.2 



Vce = 80 V, v B E = o 



0.2 


V CE = 100V, V B E = 0 




0.2 

Emitter Cutoff 
,EB0 Current 

V EB = 5V, l c = o 

1 

1 

1 

1 

mA 

Static Forward 

h FE Current Transfer 

Ratio 

Vce = 4 v, iq - 0.2 a, 

See Notes 6 and 7 

40 

40 

40 

40 


V CE = 4 V, l C =1A, 

See Notes 6 and 7 

15 75 

15 75 

15 75 

15 75 


Base-Emitter 

VrE 

Voltage 

V C E = 4 v, ic = i A, 

See Notes 6 and 7 

1.3 

1.3 

1.3 

1.3 

V 

Collector-Emitter 
v CE(sat) Saturation Voltage 

l B = 125 mA, »c = 1A, 

See Notes 6 and 7 

0.7 

0.7 

0.7 

0.7 

V 

Small-Signal 

Common-Emitter 

hf e 

Forward Current 

Transfer Ratio 

V C E = iov, l c = 0.2 A, 

f = 1 kHz 

20 

20 

20 

20 


Small-Signal 

, , Common-Emitter 

Ihf e 1 

Forward Current 

Transfer Ratio 

v C e = iov, ic = 0.2 a, 

f = 1 MHz 

3 

3 

3 

3 



NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


thermal characteristics 


PARAMETER 

MAX 

UNIT 

RtfJC, Junction-to-Case Thermal Resistance 

4.17 

°c/w 

RfljAl Junction-to-Free-Air Thermal Resistance 

62.5 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS + 

TYP 

UNIT 

t on Turn-On Time 

IC = 1A, l B (i) = 100 mA, Ib( 2) = -100 mA , 

v BE(off) = — 4 *3 V, R|_ = 30£2, See Figure 1 

0.5 

jus 

t 0 ff Turn-Off Time 

2 


'•’Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
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TYPES TIP29, TIP29A, TIP29B, TIP29C 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 




VOLTAGE WAVEFORMS 


NOTES: 


A. Vg en is a — 30-V pulse (from 0 V) into a 50-fi termination. 

B. The V gen waveform -is supplied by a generator with the following characteristics: t r < 1 5 ns, tf < 1 5 ns, Z out = 50 SI, t w = 20 jus, 
duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 1 5 ns, Rj n >10 M£2, Cj n < 1 1 .5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 



FIGURE 1 


INDUCTIVE LOAD SWITCHING 




TEST CIRCUIT VOLTAGE AND CURRENT WAVEFORMS 


NOTES: A. LI and L2 are 10 mH, 0.11 SI, Chicago Standard Transformer Corporation C-2688, or equivalent. 
B. Input pulse width is increased until Iqm ~ 1-8 A. 


FIGURE 2 
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TYPES TIP29, TIP29A, TIP29B, TIP29C 

N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 

STATIC FORWARD CURRENT "TRANSFER RATIO 


vs 



O.OOI 0.004 0.01 0.04 0.1 0.4 1 

I q— C ollector Current— A 

FIGURE 3 

NOTES: 6. These parameters must be measured using pulse 
techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured, with voltage- 
sensing contacts separate from the current- 
carrying contacts. 


THERMAL INFORMATION 

DISSIPATION DERATING CURVE 



0 25 50 75 100 125 150 

Tc—Case Temperature— °C 

FIGURE 4 


MAXIMUM SAFE OPERATING REGION 


fi 

3 

o 


o 

I 

o 



1 2 4 7 10 20 40 100 200 400 

VcE~ 1 Collector-Emitter Voltage— V 

FIGURE 5 

NOTE 8: This combination of maximum voltage and current may be achieved only when switching from saturation to cutoff with a clamped 
inductive load. 
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TYPES TIP30, TIP30A, TIP30B, TIP30C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP29, TIP29A, TIP29B, TIP29C 


• 30 W at 25° C Case Temperature 

• 1 A Rated Collector Current 

• Min fj of 3 MHz at 10 V, 200 mA 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


MECHANICAL INTERCHANGEABILITY OF TIP30 
PLASTIC PACKAGE WITH TO-66 OUTLINE 




(TO-66 DIMENSIONS) 


n— i 


0.540 
" 0.500 * 


S-l I- „sHK 


Mr 

J L Lq^io 




ALL DIMENSIONS ARE IN INCHES 
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absolute maximum ratings at 25° C case temperature (unless otherwise noted) 


Co I lector- Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) 

Continuous Base Current 

Safe Operating Region at (or below) 25°C Case Temperature 
Continuous Device Dissipation at (or below) 25°C Case 

Temperature (See Note 3) 

Continuous Device Dissipation at (or below) 25°C Free-Air 

Temperature (See Note 4) 

Unclamped Inductive Load Energy (See Note 5) .... 

Operating Collector Junction Temperature Range . . . 

Storage Temperature Range 

Lead Temperature 1/8 Inch from Case for 10 Seconds . . 


TIP30 TIP30A TIP30B TIP30C 

-40 V -60 V -80 V -100 V 
-40 V -60 V -80 V -100 V 

5 V ► 

-1 A ► 

3 A ► 

** -0.4 A 

^ See Figure 5 ► 


30 W 

2 W ► 

M 32 mJ ► 

65°C to 150°C -► 

<+ 65° C to 1 50° C ► 

260°C ► 


NOTES: 1 . This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 1 0 %. 

3. Derate linearly to 150°C case temperature at the rate of 0.24 W/°C. 

4. Derate linearly to 150°C free-air temperature at the rate of 16 mW/°C. 

5. This rating is based on the capability of the transistor to operate safely in the circuit of Figure 2. L = 20 mH, Rbb 2 = 100 
V BB2 = 0 V, Rs = 0.1 fi, Vqc = 1° V. Energy « Iq 2 L/2. 
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TYPES TIP30, TIP30A, TIP30B, TIP30C 
BULLETIN NO. DL-S 701 1401, DECEMBER 1970 

REPLACES BULLETIN NO. DL-S 6810956, JULY 1968 



TYPES TIP30, TIP30A, TIP3QB, TIP30C 

P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


electrical characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

TIP30 

TIP30A 

TIP30B 

TIP30C 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

Collector-Emitter 
V(BR)CEO Breakdown voltage 

lc “ —30 mA, l B = 0, 

See Note 6 

-40 

-60 

-80 

-100 

V 

Collector Cutoff 
' CE0 Current 

V CE = —30 V, l B = 0 

-0.3 

-0.3 



mA 

V CE =-60 V, l B =0 



-0.3 

-0.3 

Collector Cutoff 
,CES Current 

V CE = -40 V, V BE = 0 

-0.2 




mA 

Vq E = —60 V, V BE = 0 


-0.2 



V CE = -80 V, V BE = 0 



-0.2 


V CE =-100V, V BE = 0 




-0.2 

Emitter Cutoff 
' EB0 Current 

V E B ~ —5 V, lc = 0 

-1 

-1 

-1 

-1 

mA 

Static Forward 

hF E Current T ransf er 

Ratio 

VCE = —4 V, l C = —0.2 A, 

See Notes 6 and 7 

40 

40 

40 

40 


V CE = —4 V, lc = — 1 A, 

See Notes 6 and 7 

15 75 

15 75 

15 75 

15 75 

Base-Emitter 

V BE 

DC Voltage 

Vce = — 4 V, 1 q = — 1 A, 

See Notes 6 and 7 

-1.3 

-1.3 

-1.3 

-1.3 

V 

Collector-Emitter 
CE(sat) Saturation Voltage 

l B = -125 mA, lc = — 1 A, 

See Notes 6 and 7 

-0.7 

-0.7 

-0.7 

-0.7 

V 

Small-Signal 

Common-Emitter 

hfe 

Forward Current 

Transfer Ratio 

V CE = -10V, l C = -0.2A, 

f = 1 kHz 

20 

20 

20 

20 


Small-Signal 

Common-Emitter 

hfe 

Forward Current 

Transfer Ratio 

V CE = -10 V, l C = —0.2 A, 

f = 1 MHz 

3 

3 

3 

3 



NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


thermal characteristics 


PARAMETER 

MAX 

UNIT 

R#jC Junction-to-Case Thermal Resistance 

4.17 

°C/W 

R#jA Junction-to-Free-Air Thermal Resistance 

62.5 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* | 

TYP 

UNIT 

ton 

Turn-On Time 

l C = -1 A, 

l B (1) = — 100 mA, l B ( 2 ) = 100 mA, 

0.3 


toff 

Turn-Off Time 

VBE(off) =4.3 V, 

Rl_=30fi, See Figure 1 

1.0 

MS 


^Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
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TYPES TIP30. TIP30A, TIP30B, TIP30C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 




TEST CIRCUIT 


VOLTAGE WAVEFORMS 


NOTES: 


A. V gen is a 30-V pulse (from 0 V) into a 50-f2 termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 1 5 ns, tf < 15 ns, Z out = 50 fi, t w = 20 jus, 
duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 1 5 ns, Rj n ^ 10 M£2, Cj n <11.5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 


FIGURE 1 


INDUCTIVE LOAD SWITCHING 




TEST CIRCUIT VOLTAGE AND CURRENT WAVEFORMS 


NOTES: 


A. LI and L2 are 10 mH, 0.1 1 Chicago Standard Transformer Corporation C-2688, or equivalent. 

B. Input pulse width is increased until I CM = — 1 -8 A . 


FIGURE 2 
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TYPES TIP30, TIP30A, TIP30B, TIP30C 

P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS THERMAL INFORMATION 



MAXIMUM SAFE OPERATING REGION 


< 

i 


cS 

i 


-4 

-2 

-1 
-0.7 

-0.4 

- 0.2 

- 0.1 
-0.07 

-0.04 
- 0.02 
- 0.01 

-1 —2 -4 -10 -20 -40 -100 -400 





■ 

ii 


IHHI 



■ 

i 

■ 

1 




m 

B 

9 

9! 



s 


1 

1 

i 


I— 

8* 

m 

m 

1 

1 

II 

i 

in 

■ 

I 

8 

! 

! 

N 

ote 

mi 

u 

■ 

1 

ii 


iSh 

m 

■ t w ~ 

300 

MS 

, 

= 

E 

tBEffll 

Wi 

a 1 

a 

S 

M 


= 

E 

t w = 1 ms, d = 0. 1 = 10% 
t w = 10 ms, d = 0.1 = 10% 

/i 

jg 

A 

£ 

K 


— 

— 

n 




It 




/ 


■ 


si; 




D-C OPE RATIO 

N 


/ 


1 






T C 

< 

n 

25 c 

P 

5 C 

II 

mm 

■■ 

■ 

| 

| 

! 







— 

— 


z: 

■■ 

■■ 

'■■■■Ha 

■— 

s 

s 

S 




====: 

E 


— 

— 

— 

-- 


TIP30 

TIP30£ 

TIP30B 

TIP30C 

ILJ 

__ 


■ 




— 

— 




■ 

■ 




■ 









■ 

1 



j\ 







z. 



■ 

1 

1 






±r 






■ 

l 

fell 

■ 

■ 


1 

1 






in 




L 

1 

i 

i 

III 



VcE~Collector-Emitter Voltage— V 
FIGURE 5 


NOTE 8: This combination of maximum voltage and current may be achieved only when switching from saturation to cutoff with a clamped 
inductive load. 
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TYPES TIP31, TIP31A, TIP31B, TIP31C 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP32, TIP32A, TIP32B, TIP32C 

• 40 W at 25° C Case Temperature 

• 3 A Rated Collector Current 


• Min fj of 3 MHz at 10 V, 500 mA 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


MECHANICAL INTERCHANGEABILITY OF TIP31 
PLASTIC PACKAGE WITH TO-66 OUTLINE 





(TO-66 DIMENSIONS) 




5 


absolute maximum ratings at 25° C case temperature (unless otherwise noted) 


Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) 

Continuous Base Current 

Safe Operating Region at (or below) 25°C Case Temperature 
Continuous Device Dissipation at (or below) 25°C Case 

Temperature (See Note 3) 

Continuous Device Dissipation at (or below) 25°C Free-Air 

Temperature (See Note 4) 

Unclamped Inductive Load Energy (See Note 5) .... 

Operating Collector Junction Temperature Range . . . 

Storage Temperature Range 

Lead Temperature 1/8 Inch from Case for 10 Seconds . . 


TIP31 

40 V 
40 V 

TIP31A TIP31B 

60 V 80 V 

60 V 80 V 

K \/ 

TIP31C 

100 V 
100 V 

O A 


^ 


1 A 

► 


^ See Figure 5 ► 


^ 40 W ► 

2 W ► 

32 mJ ► 

— 65°C to 150°C ► 

65°C to 150°C ► 

260° C »> 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 150°C case temperature at the rate of 0.32W/°C. 

4. Derate linearly to 150°C free-air temperature at the rate of 16 mW/°C. 

5. This rating is based on the capability of the transistor to operate safely in the circuit of Figure 2. L = 20 mH, RbB 2 “ 100 12, 
V BB2 = O V, R s = 0.1 £2, V cc = 1 0 V. Energy ~ lc 2 L/2. 
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TYPES TIP31, TIP31 A, TIP31B, TIP31C 
BULLETIN NO. DL-S 701 1402, DECEMBER 1970 

REPLACES BULLETIN NO, DL-S 6810953, JULY 1968 



TYPES TIP31, TIP31A, TIP31B, TIP31C 

N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


electrical characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

TIP31 

TIP31A 

TIP31B 

TIP31C 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

Collector-Emitter 
V(BR)CEO Breakdown voltage 

1C = 30 mA, l B = 0, 

See Note 6 

40 

60 

80 

100 

V 

Collector Cutoff 

ICE0 Current 

VcE= 30V, l B = 0 

0.3 

0.3 



mA 

V C E = 60V, l B = 0 



0.3 

0.3 

Collector Cutoff 
,CES Current 

V C E = 40 V, V BE = 0 

0.2 




mA 

VcE = 60 v > V BE “ 0 


0.2 



V CE = 80 V, V BE = 0 



0.2 


V C E = 100 V, V BE = 0 




0.2 

Emitter Cutoff 
' EBO Current 

V EB = 5V, l C = 0 

1 

1 

1 

1 

mA 

Static Forward 

^FE Current Transfer 

Ratio 

V C E = 4V, l C =1A, 

See Notes 6 and 7 

25 

25 

25 

25 


Vqe = 4 V, l C = 3A, 

See Notes 6 and 7 

10 50 

10 50 

10 50 

10 50 

Base-Emitter 

VrE 

• Voltage 

Vce = 4V, l C = 3A, 

See Notes 6 and 7 

1.8 

1.8 

1.8 

1.8 

V 

Collector-Emitter 
v CE(sat) Saturation Voltage 

l B = 375 mA, lc = 3A, 

See Notes 6 and 7 

1.2 

1.2 

1.2 

1.2 

V 

Small-Signal 

Common-Emitter 

hf e 

Forward Current 

Transfer Ratio 

V CE = 10 V, l C = 0.5 A, 

f = 1 kHz 

20 

20 

20 

20 


Small-Signal 

Common-Emitter 

|hf e 

1 Forward Current 

Transfer Ratio 

V C E = 10V, Iq = 0.5 A, 

f = 1 MHz 

3 

3 

3 

3 



NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


thermal characteristics 


PARAMETER 

MAX 

UNIT 

RfljC Junction-to-Case Thermal Resistance 

3.125 

°C/W 

R#jA Junction-to-Free-Air Thermal Resistance 

62.5 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* 

TYP 

UNIT 

t on Turn-On Time 

10=1 A, l B (i) = 100 mA, l B (2) = -100 mA, 

v BE(off) = — 4-3 V, R|_ = 30fi, See Figure 1 

0.5 

jus 

toff T u r n-Of f Ti me 

2 


^Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
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TYPES TIP31, TIP31A, TIP31B. TIP31C 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 



TEST CIRCUIT VOLTAGE WAVEFORMS 

NOTES: A. V gen is a — 30- V pulse (from 0 V) into a 50-fi termination. 

B. The Vg en waveform -is supplied by a generator with the following characteristics: t r < 1 5 ns, tf < 1 5 ns, Z Dut = 50 S2, t w = 20 jus, 
duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope-with the following characteristics: t r < 1 5 ns, Rj n P 10 MJTi, Cj n < 1 1 .5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 



FIGURE 1 

INDUCTIVE LOAD SWITCHING 



TEST CIRCUIT 


VOLTAGE AND CURRENT WAVEFORMS 


NOTES: A. LI and L2 are 10 mH, 0.11 fl, Chicago Standard Transformer Corporation C-2688, or equivalent. 
B. Input pulse width is increased until Iqm = 1 .8 A. 


FIGURE 2 
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hpE— Static Forward Current Transfer Ratio 


TYPES TIP31, TIP31A, TIP31B, TIP31C 

N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


THERMAL INFORMATION 


STATIC FORWARD CURRENT TRANSFER RATIO 


COLLECTOR CURRENT 


1000 ™ ™ _ 

700 V CE = 4V 
:T C = 25° c 

400 See Notes 6 and 7 


DISSIPATION DERATING CURVE 



0.001 0.004 0.01 0.04 0.1 0.4 1 


25 50 75 100 12 


I c~ Col lector Current— A 


T Q— Case T emperatu re— ° C 


NOTES: 6. These parameters must be measured using pulse 
techniques. t w = 300 ns, duty cycle < 2%. 
.7. These parameters are measured with voltage- 
sensing contacts separate from the current- 


carrying contacts. 


MAXIMUM SAFE OPERATING REGION 


1 [t w = 300 ms, d = 0.1 = 10% 
0.7 

°' 4 [D-C OPERATION 
0 2 \T C < 25” C 



4 7 10 20 40 70 100 200 400 

Vqe— C ollector-Emitter Voltage— V 


NOTE 8: This combination of maximum voltage and current may be achieved only when switching from saturation to cutoff with a clamped 
inductive load. 
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TYPES TIP32, TIP32A, TIP32B, TIP32C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP31, TIP31A, TIP31B, TIP31C 

• 40 W at 25°C Case Temperature 

• 3 A Rated Collector Current 

• Min f T of 3 MHz at 10 V, 500 mA 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 



(TO-66 DIMENSIONS) 


BASE- 

COLLECTOR— 

EMITTER— 


W 

5o~* 



"Y 


, 

© 

^kJ 

□ 







ALL DIMENSIONS ARE IN INCHES 



absolute maximum ratings at 25°C case temperature (unless otherwise notedly ^ 


Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 
Emitter-Base Voltage 


TIP32 TIP32A TIP32B 

-40 V -60 V -80 V 
-40 V -60 V -80 V 
** 5 V 


Continuous Collector Current 


3 A 


Peak Collector Current (See Note 2) 


-5 A 


Continuous Base Current —1 A 

Safe Operating Region at (or below) 25°C Case Temperature ^ See Figure 5 - 

Continuous Device Dissipation at (or below) 25° C Case 

Temperature (See Note 3) ^ 40 W 

Continuous Device Dissipation at (or below) 25°C Free-Air 

Temperature (See Note 4) ^ 2 W 

Unclamped Inductive Load Energy (See Note 5) ^ 32 mJ 

Operating Collector Junction Temperature Range 65°C to 150°C 

Storage Temperature Range ^ — 65°Cto150°C 

Lead Temperature 1/8 Inch from Case for 10 Seconds ^ 260° C — 


TIP32C 

-100 V 
-100 V 






NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 150°C case temperature at the rate of 0.32 W/°C. 

4. Derate linearly to 150°C free-air temperature at the rate of 16 mW/° C. 

5. This rating is based on the capability of the transistor to operate safely in the circuit of Figure 2. L = 20 mH, RbB2 = 100 £2, 
Vbb2 = 0 V, R 5 = 0.1 £2, V cc = 10 V. Energy Iq^L/2. 
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TYPES TIP32, TIP32A, TIP32B, TIP32C 
BULLETIN NO. DL-S 7011403, DECEMBER 1970 

REPLACES BULLETIN NO. DL-S 6810952, JULY 1968 



TYPES TIP32, TIP32A, TIP32B, TIP32C 

P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


electrical characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

TIP32 

TIP32A 

TIP32B 

TIP32C 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

Collector-Emitter 
v (BR)CEO Breakdown voltage 

1 q = —30 mA, 1(3 = 0, 

See Note 6 

-40 

-60 

-80 

-100 

V 

Collector Cutoff 

ICE0 Current 

V CE =-30V, l B = 0 

-0.3 

-0.3 



mA 

VcE = “60 V, l B = 0 



-0.3 

-0.3 

Collector Cutoff 
,CES Current 

V C £ » “40 V, V B E = 0 

-0.2 




mA 

Vqe = —60 V, V BE =0 


-0.2 



V C E = -80 V, V BE = 0 



-0.2 


o 

ii 

LU 

00 

> 

> 

o 

o 

T 

II 

LLI 

o 

> 




-0.2 

Emitter Cutoff 
lEB0 Current 

V EB = -5V, l C = 0 

-1 

-1 

-1 

-1 

mA 

Static Forward 

Current Transfer 

Ratio 

V CE =-4V, l C = -1 A, 

See Notes 6 and 7 

25 

25 

25 

25 


V CE = —4 V, l C = —3 A, 

See Notes 6 and 7 

10 50 

10 50 

10 50 

10 50 

Base-Emitter 

VBE Voltage 

V CE =-4V / lc = -3A, 

See Notes 6 and 7 

-1.8 

-1.8 

-1.8 

-1.8 

V 

Collector-Emitter 
CE(sat) Saturation Voltage 

J B = -375 mA, lc = ~3A, 

See Notes 6 and 7 

-1.2 

-1.2 

-1.2 

-1.2 

V 

Small-Signal 

Common-Emitter 

hf e 

Forward Current 

Transfer Ratio 

V CE = -10 V, l c = —0.5 A, 

f = 1 kHz 

20 

20 

20 

20 


Small-Signal 

• , Common-Emitter 

hfe 

1 Forward Current 

Transfer Ratio 

V CE =-10V, lc = —0.5 A, 

f = 1 MHz 

3 

3 

3 

3 



NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 

thermal characteristics 


PARAMETER 

MAX 

UNIT 

RfljC Junction-to-Case Thermal Resistance 

3.125 

°c/w 

R#jA Junction-to-Free-Air Thermal Resistance 

62.5 


switching characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONS* ! 

TYP 

UNIT 

t on Turn-On Time 

IC = -1 A, 

1 B ( 1 ) = —100 mA, l B (2) “ 100 mA, 

0.3 

JUS 

t 0 ff Turn-Off Time 

^BE(off) “ 4-3 V, 

RL-30fi, See Figure 1 

1.0 


^Voltages and current values shown are nominal; exact values vary slightly with transistor parameters. 
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TYPES TIP32, TIP32A, TIP32B, TIP32C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 




VOLTAGE WAVEFORMS 


NOTES: 


A. V gen is a 30-V pulse (from 0 V) into a 50-S2 termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 1 5 ns, tf < 1 5 ns, Z out = 50 t w = 20 jus, 
duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, Rj n > 10 MO, Cj n < 11.5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 

FIGURE 1 


5 


INDUCTIVE LOAD SWITCHING 




NOTES: 


A. LI and L2 are 10 mH, 0.1 1 fi, Chicago Standard Transformer Corporation C-2688, or equivalent. 

B. Input pulse width is increased until Icm = —1-8 A. 

FIGURE 2 
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TYPES TIP32, TIP32A. TIP32B. TIP32C 

P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 

STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



-O.OOI -0.01 -0.1 -1 -10 

I c~ Collector Current— A 

FIGURE 3 

NOTES: 6. These parameters must be measured using pulse 
techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage- 
sensing contacts separate from the current- 
carrying contacts. 


THERMAL INFORMATION 



0 25 50 75 100 125 150 ' 

Tq— C ase Temperature— °C 


MAXIMUM SAFE OPERATING REGION 


FIGURE 4 



-1 -2 -4 - 7-10 -20 -40 -100 -400 


Vq{=— Collector-Emitter Voltage— V 

FIGURE 5 

NOTE 8: This combination of maximum voltage and current may be achieved only when switching from saturation to cutoff with a clamped 
inductive load. 
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TYPES TIP33, TIP33A, TIP33B. TIP33C 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH -SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP34, TIP34A, TIP34B, TIP34C 

• 80 W at 25° C Case Temperature 

• 10 A Rated Collector Current 

• Min fj of 3 MHz at 10 V, 500 mA 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


- r 




(TO— 3 DIMENSION) 




ALL DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25° C case temperature (unless otherwise noted) 


ID DO H 

m c < 

urt) 
r r- m 
> m w 

o jj 

W Z - D 

roZw 

=!</>£ 

z S' 
z2j 

? £8 

CO O H 

£> ^ 
°o O oj 


Col lector- Base Voltage 

Co I lector- Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) 

Continuous Base Current 

Safe Operating Region at (or below) 25°C Case Temperature 
Continuous Device Dissipation at (or below) 25°C Case 

Temperature (See Note 3) 

Continuous Device Dissipation at (or below) 25°C Free-Air 

Temperature (See Note 4) 

Unclamped Inductive Load Energy (See Note 5) .... 

Operating Collector Junction Temperature Range . . . 

Storage Temperature Range 

Lead Temperature 1/8 Inch from Case for 10 Seconds . . 


TIP33 

40 V 

40 V 

TIP33A TIP33B 

60 V 80 V 

60 V 80 V 

c \/ 

TIP33C 

100 V 

100 V 



1 u 

J -1 C A 

'Z 


^ 

l w ^ 

— See Figure 5 — 

► 


80 W ► 

3.5 W ► 

^ 62.5 mJ ► 

65° C to 150°C ► 

— 65°C to 150°C ► 

260°C ► 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 1 0%. 

3. Derate linearly to 1 50°C case temperature at the rate of 0.64 W/°C. 

4. Derate linearly to 1 50° C free-air temperature at the rate of 28 mW/°C. 

5. This rating is based on the capability of the transistor to operate safely in the circuit of Figure 2. L = 20 mH, RgB2 = 100 
V BB2 = 0 V, R s = 0.1 a, V cc = 10 V. Energy » |l c 2 L/2. 
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TYPES TIP33, TIP33A. TIP33B. TIP33C 

N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


electrical characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

TIP33 

TIP33A 

TIP33B 

TIP33C 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

Collector-Emitter 
v (BR)CEO Breakdown voltage 

1 c - 30 mA, l B = 0, 

See Note 6 

40 

60 

80 

100 

V 

Collector Cutoff 
' CE0 Current 

V C e= 30V, l B = 0 

0.7 

0.7 



mA 

V CE = 60 V, l B = 0 



0.7 

0.7 

Collector Cutoff 

'CES 

Current 

V C E = 40 V, V BE = 0 

0.4 




mA 

V C e=60V, V be = 0 


0.4 



V CE = 80 V, V BE = 0 



0.4 


V C E = 100V, V BE = 0 




0.4 

Emitter Cutoff 

Current 

V E B = 5V, I C = 0 

1 

1 

1 

1 

mA 

Static Forward 

Current Transfer 

Ratio 

Vce=4V, Ic = 1 A, 

See Notes 6 and 7 

40 

40 

40 

40 


Vce =4V * Ic = 3 A, 

See Notes 6 and 7 

20 100 

20 100 

20 100 

20 100 

Base-Emitter 

Vrf 

DC Voltage 

V C E = 4V, Ic = 3 A, 

See Notes 6 and 7 

1.6 

1.6 

1.6 

1.6 

V 

Vce=4V, Iq = io A, 

See Notes 6 and 7 

3 

3 

3 

3 

Collector-Emitter 

CE(sat) Saturation Voltage 

l B = 0.3 A, Ic = 3 A, 

See Notes 6 and 7 

1 

1 

1 

1 

V 

l B = 2.5 A, l C = 10 A, 

See Notes 6 and 7 

4 

4 

4 

4 

Small-Signal 

Common-Emitter 

hfg 

Forward Current 

Transfer Ratio 

V C E = 10V, l c = 0.5 A, 

f = 1 kHz 

20 

20 

20 

20 


Small-Signal 

Common-Emitter 

hf e I 

1 Forward Current 

Transfer Ratio 

V C e = 10V / l c = 0.5 A, 

f = 1 MHz 

3 

3 

3 

3 




NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 /is, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 

thermal characteristics 


PARAMETER 

MAX 

UNIT 

R<9JC Junction-to-Case Thermal Resistance 

1.56 

°C/W 

r 0JA Junction-to-Free-Air Thermal Resistance 

35.7 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* 

TYP 

UNIT 

t on Turn-On Time 

Ic ” 6 A, Ib(1) = 0- 6A , 1 B (2) = —0.6 A, 

V BE ( 0 ff) = — 4 V, R|_ = 5ft, See Figure 1 

0.6 

jus 

t Q ff Turn-Off Time 

1 


^Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


1 ' — 
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TYPES TIP33, TIP33A. TIP33B. TIP33C 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 



Von = 

INPUT 


OUTPUT 



VOLTAGE WAVEFORMS 


NOTES: 


A. V gen is a — 30- V pulse (from 0 V) into a 50 ^2 termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 1 5 ns, tf < 1 5 ns, Z out = 50 O, t w = 20 jus, 
duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, R j n > 1 0 M£2, Cj n ^ 11-5pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 


5 


FIGURE 1 


INDUCTIVE LOAD SWITCHING 




TEST CIRCUIT VOLTAGE AND CURRENT WAVEFORMS 


NOTES: 


A. LI and L2 are 10 rr>H, 0.11 fi, Chicago Standard Transformer Corporation C-2688, or equivalent. 

B. Input pulse width is increased until I^M = 2 - 5 A - 


FIGURE 2 
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TYPES TIP33, TIP33A, TIP33B, TIP33C 

N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 



TYPICAL CHARACTERISTICS 

STATIC FORWARD CURRENT TRANSFER RATIO 
vs 

COLLECTOR CURRENT 



0.01 0.04 0.1 0.4 1 4 10 

Iq— C ollector Current— A 

FIGURE 3 

NOTES: 6. These parameters must be measured using pulse 
techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage- 
sensing contacts separate from the current- 
carrying contacts. 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 



0 25 50 75 100 125 150 


T 0— Case T emperature— 0 C 

FIGURE 4 


MAXIMUM SAFE OPERATING REGION 



1 2 4 7 10 20 40 70100 200 400 


KEY FOR FIGURE 5 


CURVE 

CONDITIONS 

A 

t w = 300 jus, d = 0.1 = 10% 

B 

t w = 1 ms, d = 0. 1 = 1 0% 

C 

t w = 10 ms, d = 0.1 = 10% 

D 

D-C OPERATION 


V CE~ Co,,ector ~^ mitter Voltage— V 

FIGURE 5 

NOTE 8: This combination of maximum voltage and current may be achieved only when switching from saturation to cutoff with a clamped 
inductive load. 
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TYPES TIP34. TIP34A. TIP34B f TIP34C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP33, TIP33A, TIP33B, TIP33C 

• 80 W at 25° C Case Temperature 

• 10 A Rated Collector Current 

• Min fj of 3 MHz at 10 V, 500 mA 


mechanical data 


DO 00H 

m C •< 
t) r“ "o 
r r m 
> m co 
O HH 
m m _ 

w z 5 

OJ Z 

=! </>S 

z2j 
O -* -a 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 




(TO— 3 DIMENSION) 




ALL DIMENSIONS ARE IN INCHES 


00 0(0 
m £ 

8 go 

Ol 03 
oo m 
'c_* 

P 3> 



absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) 

Continuous Base Current 

Safe Operating Region at (or below) 25°C Case Temperature 
Continuous Device Dissipation at (or below) 25°C Case 

Temperature (See Note 3) 

Continuous Device Dissipation at (or below) 25°C Free-Air 

Temperature (See Note 4) 

Unclamped Inductive Load Energy (See Note 5) .... 

Operating Collector Junction Temperature Range . . . 

Storage Temperature Range 

Lead Temperature 1/8 Inch from Case for 10 Seconds . . 


TIP34 TIP34A TIP34B TIP34C 

-40 V -60 V -80 V -100 V 
-40 V -60 V -80 V -100 V 

5 V ► 

^ 10 A ► 

** 15 A ► 

3 A ► 

See Figure 5 ► 


80 W ► 


3.5 W ► 


«R°r to iRn°r 

"7 


RR°r tn 1RH°r 


^ 

260° C 

^ 


NOTES: 


1. This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 1 0%. 

3. Derate linearly to 150°C case temperature at the rate of 0.64 W/°C. 

4. Derate linearly to 150°C free-air temperature at the rate of 28 mW/°C. 

5. This rating is based on the capability of the transistor to operate safely in the circuit of Figure 2. L = 20 mH, RbB 2 = "10° D, 
V BB2 = 0 V, R s = 0.1 fi, V cc = 10 V. Energy » 1/2 l c 2 L/2. 
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TYPES TIP34, TIP34A, TIP34B, TIP34C 

P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


electrical characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

TIP34 

TIP34A 

TIP34B 

TIP34C 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

Collector-Emitter 
v (BR)CEO Breakdown Voltage 

IC = -30mA, l B = 0. 

See Note 6 

-40 

-60 

-80 

-100 

V 

Collector Cutoff 

CE0 Current 

V C e=- 30V, l B =0 

-0.7 

-0.7 



mA 

V CE =-60V, l B = 0 



-0.7 

-0.7 

Collector Cutoff 
,CES Current 

V CE “ ~ 40 V ' V BE = 0 

-0.4 




mA 

V C E = -60 V, V B e - 0 


-0.4 



V CE = -80 V, V B e = 0 



-0.4 


v CE = -ioov, v B e = o 




-0.4 

Emitter Cutoff 

EE ^ Current 

V E b=-5V, I C = 0 

-1 

-1 

-1 

-1 

mA 

Static Forward 

hpE Current Transfer 

Ratio 

V CE =-4V, l C = -1 A, 

See Notes 6 and 7 

40 

40 

40 

40 


V CE =-4V, l C = -3 A, 

See Notes 6 and 7 

20 100 

20 100 

20 100 

20 100 

. , Base-Emitter 

V BE 

Voltage 

V CE = —4 V, l C = -3A, 

See Notes 6 and 7 

-1.6 

-1.6 

-1.6 

-1.6 

V 

V CE =-4V, Ic-IOA, 

See Notes 6 and 7 

-3 

-3 

-3 

-3 

Collector-Emitter 
CE (sat) saturation Voltage' 

l B = “0-3 A, I C = -3A, 

See Notes 6 and 7 

-1 

-1 

-1 

-1 

V 

l B = —2.5 A, l C = -10 A, 

See Notes 6 and 7 

-4 

-4 

-4 

-4 

Small-Signal 

Common-Emitter 

hf e 

v Forward Current 

Transfer Ratio 

V C E=-10V, l C = —0.5 A, 

f = 1 kHz 

20 

20 

20 

20 


Small-Signal 

1 . Common-Emitter 

e Forward Current 

Transfer Ratio 

VcE = -10 V, l c = —0.5 A, 

f = 1 MHz 

3 

3 

3 

3 



NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 /is, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


thermal characteristics 


PARAMETER 

MAX 

UNIT 

R 0 jC Junction-to-Case Thermal Resistance 

1.56 

°c/w 

R0JA Junction-to-Free-Air Thermal Resistance 

35.7 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* ! 

TYP 

UNIT 

t on Turn-On Time 

I C = -6 A, 

l B (1) = -0.6 A, 

l B (2) =0.6 A, 

0.4 

jus 

t Q f f T u rn-Of f Time 

v BE(off) =4 v * 

Rl = 5 fi, 

See Figure 1 

0.7 


* Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
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TYPES TIP34, TIP34A, TIP34B. TIP34C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 




5 


VOLTAGE WAVEFORMS 


NOTES: 


A. Vg en is a 30-V pulse (from 0 V) into a 50-12 termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 15 ns, tf < 15 ns, Z out = 50 12, t w = 20 /us, 
duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, Rj n >10 M12, Cj n < 1 1.5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 


FIGURE 1 


INDUCTIVE LOAD SWITCHING 




VOLTAGE AND CURRENT WAVEFORMS 


NOTES: A. LI and L2 are 10 mH, 0.11 12, Chicago Standard Transformer Corporation C-2688, or equivalent. 
B. Input pulse width is increased until Iqm = —2.5 A. 

1FIGURE 2 
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TYPES TIP34, TIP34A. TIP34B. TIP34C 

P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 



TYPICAL CHARACTERISTICS 

STATIC FORWARD CURRENT TRANSFER RATIO 


VS 



-0.01 -0.04 -0.1 -0.4 -1 -4 -10 


1 0— Collector Current— A 

FIGURE 3 

NOTES: 6. These parameters must be measured using pulse 
techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage- 
sensing contacts separate from the current- 
carrying contacts. 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 



0 25 50 75 100 125 150 


MAXIMUM SAFE OPERATING REGION 


T Q— Case T emperature— ° C 

FIGURE 4 



I — — * * * 1 

-1 -2 -4 -10 -40 -100 -400 


CURVE 

CONDITIONS 

A 

t w = 300 jus, d — 0. 1 = 1 0% 

B 

t w = 1 ms, d = 0. 1 = 10% 

C 

t w = 10 ms, d = 0.1 = 10% 

D 

D-C OPERATION 


Vc£— Collector-Emitter Voltage— V 
FIGURE 5 

NOTE 8: This combination of maximum voltage and current may be achieved only when switching from saturation to cutoff with a clamped 
inductive load. 
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TYPES TIP35, TIP35A, TIP35B f TIP35C 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP36, TIP36A, TIP36B, TIP36C 


• 125 W at 25° C Case Temperature 

• 25 A Rated Collector Current 

• Min f T of 3 MHz at 10 V, 1 A 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 

MECHANICAL INTERCHANGEABILITY OF TIP36 



ALL DIMENSIONS ARE IN INCHES 


5 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) 

Continuous Base Current 

Safe Operating Region at (or below) 25°C Case Temperature 
Continuous Device Dissipation at (or below) 25°C Case 

Temperature (See Note 3) 

Continuous Device Dissipation at (or below) 25°C Free- Air 

Temperature (See Note 4) 

Unclamped Inductive Load Energy (See Note 5) .... 

Operating Collector Junction Temperature Range . . . 

Storage Temperature Range 

Lead Temperature 1 /8 Inch from Case for 10 Seconds . . 


TIP35 TIP35A TIP35B TIP35C 
40 V 60 V 80 V 100 V 

40 V 60 V 80 V 100 V 

5 V 

25 A ► 

40 A ► 

5 A ► 

4* See Figure 5 ► 


125 W ► 

3.5 W ► 

90 mJ — ► 

** 65°C to 150°C ► 

•rn 65° C to 150°C »• 

260°C ► 


NOTES: 


1. This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 150°C case temperature at the rate of 1 W/ C. 

4. Derate linearly to 150°C free-air temperature at the rate of 28 mW/°C. 

5. This rating is based on the capability of the transistor to operate safely in the circuit of Figure 2. L = 20 mH, RbB 2 - 100 12, 
V BB2 = 0 V, R s = 0.1 12, V cc = 10 V. Energy « l c 2 L/2. 
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TYPES TIP35, TIP35A, TIP35B. TIP35C 

N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


electrical characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

TIP35 

TIP35A 

TIP35B 

TIP35C 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

Collector-Emitter 
v (BR)CEO Breakdown voltage 

Iq = 30 mA, l B = 0, 

See Note 6 

40 

60 

80 

100 

V 

Collector Cutoff 
' CE0 Current 

Vce= 30V, l B = 0 

1 

1 



mA 

V CE - 60 V, l B = 0 



1 

1 

Collector Cutoff 
' CES Current 

Vce = 40 V, V b £ = 0 

0.7 




mA 

VcE = 60 V, V B e = 0 


0.7 



v C e = 80 v, v BE = o 



0.7 


v C e = ioov, v BE = o 




0.7 

Emitter Cutoff 

EB0 Current 

V EB = 5V, l C = 0 

1 

1 

1 

1 

i mA 

Static Forward 

hpE Current Transfer 

Ratio 

V C e= 4V ( l C = 1.5 A, 

See Notes 6 and 7 

25 

25 

25 

25 


Vce = 4 V, lc = 15A, 

See Notes 6 and 7 

10 50 

10 50 

10 50 

10 50 

Base-Emitter 

BE Voltage 

Vce = 4 V, lc = 15 A, 

See Notes 6 and 7 

2 

2 

2 

2 

V 

VCE = 4V, IC=25A, 

See Notes 6 and 7 

4 

4 

4 

4 

Collector-Emitter 
v CE(sat) Saturation Voltage 

l B = 1.5 A, l C =15A, 

See Notes 6 and 7 

1.8 

1.8 

1.8 

1.8 

V 

l B = 5 A, l C = 25 A, 

See Notes 6 and 7 

4 

4 

4 

4 

Small-Signal 

Common-Emitter 

hf e 

Forward Current 

Transfer Ratio 

V C E = iov, Ic=ia, 

f = 1 kHz 

25 

25 

25 

25 


Small-Signal 

Common-Emitter 
rfel Forward Current 

Transfer Ratio 

V C E = 10 V, 1 c ~ 1 A» 

f « 1 MHz 

3 

3 

3 

3 



NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 /its , duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


thermal characteristics 


PARAMETER 

MAX 

UNIT 

RflJC Junction-to-Case Thermal Resistance 

1 

°c/w 

R0JA Junction-to-Free-Air Thermal Resistance 

35.7 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 1" 

TYP 

UNIT 

t on Turn-On Time 

lc = 15 A, lB(1) = 1.5A, Ib(2) = -1.5A, 

V BE (off) “ — 4-15 V, Rl = 2{2, See Figure 1 

1.2 

)US 

toff Turn-Off Time 

0.9 


t 


Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
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TYPES TIP35, TIP35A, TIP35B, TIP35C 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 




VOLTAGE WAVEFORMS 


NOTES: 


A. V gen is a — 30-V pulse (from 0 V) into a 50-0 termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 1 5 ns, tf < 1 5 ns, Z out = 50 O, t w = 20 jus, 
duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 1 5 ns, Rj n >10 MO, Cj n < 1 1 .5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 



FIGURE 1 


INDUCTIVE LOAD SWITCHING 




TEST CIRCUIT VOLTAGE AND CURRENT WAVEFORMS 

NOTES: A. LI and L2 are 10 mH, 0.11 O, Chicago Standard Transformer Corporation C-2688, or equivalent. 

B. Input pulse width is increased until I OIS/I = 3 A. 


FIGURE 2 
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TYPES TIP35, TIP35A, TIP35B. TIP35C 

N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 

STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



lc~ Collector Current— A 

FIGURE 3 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 



Tq — Case Temperature — °C 


FIGURE 4 


NOTES: 6. These parameters must be measured using pulse 
techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with 
voltage-sensing contacts separate from the 
current-carrying contacts. 

MAXIMUM SAFE OPERATING REGION 



1 2 4 7 10 20 40 70 100 200 400 


CURVE 

CONDITIONS 

A 

t w = 300 ns, d = 0. 1 = 10% 

B 

t w = 1 ms, d = 0.1 = 10% 

C 

t w = 10 ms, d = 0.1 = 10% 

D 

D-C OPERATION 


VcE — C°I lecto r-E m i tter Voltage-V 
FIGURE 5 

NOTE 8: This combination of maximum voltage and current may be achieved only when switching from saturation to cutoff with a clamped 
inductive load. 
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TYPES TIP36, TIP36A, TIP36B, TIP36C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP35, TIP35A, TIP35B, TIP35C 

• 125 W at 25° C Case Temperature 

• 25 A Rated Collector Current 


mechanical data 


• Min fy of 3 MHz at 10 V, 1 A 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


MECHANICAL INTERCHANGEABILITY OF ‘ 
PLASTIC PACKAGE WITH TO-3 OUTLINE 




(TO— 3 DIMENSION) 




ALL DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25° C case temperature (unless otherwise noted) 


5 


Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1 ) 

Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) 

Continuous Base Current 

Safe Operating Region at (or below) 25°C Case Temperature 
Continuous Device Dissipation at (or below) 25°C Case 

Temperature (See Note 3) 

Continuous Device Dissipation at (or below) 25°C Free-Air 

Temperature (See Note 4) 

Unclamped Inductive Load Energy (See Note 5) .... 

Operating Collector Junction Temperature Range . . . 

Storage Temperature Range 

Lead Temperature 1/8 Inch from Case for 10 Seconds . . 


TIP36 TIP36A TIP36B TIP36C 

-40 V -60 V -80 V -100 V 

-40 V -60 V -80 V -100 V 

5 V ► 

25 A 

-40 A ► 

-5 A ► 

^ See Figure 5 ► 

125 W ► 

^ 3.5 W ► 

M 90 mJ ► 

65° C to 150°C 

M 65°C to 150°C ► 

260° C ► 


NOTES: 


1 . This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 150°C case temperature at the rate of 1 W/°C. 

4. Derate linearly to 150°C free-air temperature at the rate of 28 mW/ C. 

5. This rating is based on the capability of the transistor to operate safely in the circuit of Figure 2. L = 20 mH, RbB2 * 100 &•> 
Vbb 2 = 0 V, Rs = 0.1 fi , V cc = 10 V. Energy « 1 q 2 l/2. 
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TYPES TIP36, TIP36A, TIP36B, TIP36C 
BULLETIN NO. DL-S 7011407, DECEMBER 1970 

REPLACES BULLETIN NO! DL-S 6810955, JULY 1968 



TYPES TIP36, TIP36A, TIP36B, TIP36C 

P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


electrical characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

TIP36 

TIP36A 

TIP36B 

TIP36C 

UNfT 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

Collector-Emitter 
V (B R )CEO Breakdown voltage 

Iq = —30 mA, l B = 0, 

See Note 6 

-40 

-60 

-80 

-100 

V 

Collector Cutoff 
' CEO Current 

VcE = -30V, l B = 0 

-1 

-1 



mA 

Vqe = —60 V, l B = 0 



-1 

-1 

Collector Cutoff 
' CES Current 

VcE = —40 V, V BE = 0 

-0.7 




mA 

VcE = —60 V, V BE = 0 


-0.7 



V CE = -80 V, V BE = 0 



-0.7 


Vqe = — 100 V, V BE = 0 




-0.7 

Emitter Cutoff 

»EBO n 

Current 

V E B = -5V, l C = 0 

-1 

-1 

-1 

-1 

mA 

Static f Forward 

hFE Current Transfer 

Ratio 

V C e = -4V, IC = -1.5A, 

See Notes 6 and 7 

25 

25 

25 

25 


V C e=- 4V, l C = -15A, 

See Notes 6 and 7 

10 50 

10 50 

10 50 

10 50 

Base-Emitter 

Vbe 

Voltage 

V CE =-4V, l C = -15 A, 

See Notes 6 and 7 

-2 

-2 

-2 

-2 

V 

V CE =-4V, l C = -25A, 

See Notes 6 and 7 

— 4 

-4 

-4 

— 4 

Collector-Emitter 
VCE,sa *» Voltage 

l B = —1 .5 A, lc = -15A, 

See Notes 6 and 7 

-1.8 

-1.8 

-1.8 

-1.8 

V 

l B = —5 A, l C = — 25 A, 

See Notes 6 and 7 

-4 

-4 

-4 

-4 

Small-Signal 

Common-Emitter 

Life 

Forward Current 

Transfer Ratio 

V C E=— 10 V, lc = -1A, 

f = 1 kHz 

25 

25 

1 

25 

25 


Small-Signal 

1 . Common-Emitter 

' fel Forward Current 

Transfer Ratio 

V C e = — 10 V, l C = — 1 A, 

f = 1 MHz 

3 

3 

! 

3 

3 



NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


thermal characteristics 


PARAMETER 

MAX 

UNIT 

R#jC Junctiori-to-Case Thermal Resistance 

1 

°c/w 

R#jA Junction-to-Free-Air Thermal Resistance 

35.7 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* 

TYP 

UNIT 

t 0 n Turn-On Time 

1 C “ — 15 A, Ib(1) = -1-5A, Ib(2) = 1- 5A , 

v BE(off) = 4.15 V, R|_ = 2 fl, See Figure 1 

1.1 

jus 

toff Turn-Off Time 

0.8 


*Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
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TYPES TIP36, TIP36A, TIP36B, TIP36C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 




VOLTAGE WAVEFORMS 



NOTES: 


A. V gen is a 30-V pulse (from 0 V) into a 50-£2 termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 1 5 ns, tf < 1 5 ns, Z out = 50 £2, t w 
duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 1 5 ns, Rj n > 10 M£2 , Cj n < 1 1 .5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 


20 jus, 


FIGURE 1 


INDUCTIVE LOAD SWITCHING 




TEST CIRCUIT 


VOLTAGE AND CURRENT WAVEFORMS 


NOTES: A. LI and L2 are 10 mH, 0.11 £2, Chicago Standard Transformer Corporation C-2688, or equivalent. 
B. Input pulse width is increased until I CM = ~ 3 A. 

FIGURE 2 
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TYPES TIP36, TIP36A, TIP36B, TIP36C 

P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS THERMAL INFORMATION 



MAXIMUM SAFE OPERATING REGION 



-1 —2 -4 -7-10 -20 -40 -100 -200-400 


VcE - C°ll ec t° r -E mitt er Voltage— V 

FIGURE 5 

NOTE 8: This combination of maximum voltage and current may be 
inductive load. 


KEY FOR FIGURE 5 


CURVE 

CONDITIONS 

A 

t w = 300 ms, d = 0.1 = 10% 

B 

t w = 1 ms, d = 0.1 = 10% 

C 

t w = 10 ms, d = 0.1 = 10% 

D 

D-C OPERATION 


only wheri switching from saturation to cutoff with a clamped 
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TYPES TIP41, TIP41A, TIP41B, TIP41C 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP42, TIP42A, TIP42B, TIP42C 

• 65 W at 25° C Case Temperature 

• 6 A Rated Collector Current 

• Min fy of 3 MHz at 10 V, 500 mA 


mechanical data 



5 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1 ) 

Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) 

Continuous Base Current 

Safe Operating Region at (or below) 25°C Case Temperature 
Continuous Device Dissipation at (or below) 25°C Case 

Temperature (See Note 3) 

Continuous Device Dissipation at (or below) 25°C Free-Air 

Temperature (See Note 4) 

Undamped- Inductive Load Energy (See Note 5) .... 

Operating Collector Junction Temperature Range . . . 

Storage Temperature Range 

Lead Temperature 1/8 Inch from Case for 10 Seconds . . 


TIP41 TIP41A TIP41B TIP41C 

40 V 60 V 80 V 100 V 

40 V 60 V 80 V 100 V 

5 V ^ 

6 A ► 

*+ 10 A ► 

3 A ► 

See Figure 5 ► 

65 W 


2 W ► 



62.5 mJ ► 

— 65°C to 150°C »• 

— 65°C to 150°C ► 

260°C ► 


NOTES: 1 . This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 150°C case temperature at the rate of 0.52 W/°C. 

4. Derate linearly to 150°C free-air temperature at the rate of 16 mW/ C. 

5. This rating is based on the capability of the transistor to operate safely in the circuit of Figure 2. L = 20 mH, RbB 2 = 100 12, 
V B B2 = 0 V, R s = 0.1 12, V cc = 10 V. Energy « l c 2 L/2. 
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TYPES TIP41, TIP41A, TIP41B, TIP41C 

N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


electrical characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

TIP41 

TIP41A 

TIP41B 

TIP41C 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

Collector-Emitter 
v (BR)CEO Breakdown v 0 | ta g e 

1 c = 30 mA, 1 g = 0, 

See Note 6 

40 

60 

80 

100 

V 

Collector Cutoff 
,CE0 Current 

V CE = 30 V, l B = 0 

0.7 

0.7 



mA 

V CE =60V, l B = 0 



0.7 

0.7 

Collector Cutoff 
' CES Current 

V CE - 40 V, V BE = 0 

0.4 




mA 

V CE = 60 V, V BE = 0 


0.4 



V CE = 80 V, V BE = 0 



0.4 


VcE = 100 V, V BE =0 




0.4 

Emitter Cutoff 

EB0 Current 

Veb = 5V, Ic = 0 

1 

1 

1 

1 

mA 

Static Forward 

hpE Current Transfer 

Ratio 

VqE =4V, l C = 0.3 A, 

See Notes 6 and 7 

30 

30 

30 

30 


Vce =4 V, Iq = 3 A, 

See Notes 6 and 7 

15 75 

15 75 

15 75 

15 75 

Base-Emitter 

BE Voltage 

V C E = 4 V, l C = 6A, 

See Notes 6 and 7 

2 

2 

2 

2 

V 

Collector-Emitter 

CEIsat) saturation Voltage 

l B = 0.6 A, !C = 6A, 

See Notes 6 and 7 

1.5 

1.5 

1.5 

1.5 

V 

Small-Signal 

Common-Emitter 

hfe 

Forward Current 

Transfer Ratio 

V CE = 10 V, l c = 0.5 A, 

f = 1 kHz 

20 

20 

20 

20 


Small-Signal 

, | Common-Emitter 

[hfe 

’ Forward Current 

Transfer Ratio 

V CE = 10 V, l C = 0.5A, 

f = 1 MHz 

3 

3 

J 

3 

3 



NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 

thermal characteristics 


PARAMETER 

MAX 

UNIT 

R#jC Junction-to-Case Thermal Resistance 

1.92 

°C/W 

^0JA Junction-to-Free-Air Thermal Resistance 

62.5 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* 

TYP 

UNIT 

ton Turn-On Time 

IC = 6A, l B (D = 0.6A, Ib(2) = “°- 6A » 

V B E( 0 ff) = ~ 4 v / Rl = 5£2, See Figure 1 

0.6 

US 

toff Turn-Off Time 

1 


^Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
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TYPES TIP41. TIP41A, TIP41B, TIP41C 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 




TEST CIRCUIT 


VOLTAGE WAVEFORMS 


NOTES: 


A. V gen is a — 30-V pulse (from 0 V) into a 50-0 termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 15 ns, tf < 15 ns, Z out = 50 O, t w = 20 jus, 
duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, Rj n > 10 MO, Cj n < 1 1.5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 


FIGURE 1 

INDUCTIVE LOAD SWITCHING 




VOLTAGE AND CURRENT WAVEFORMS 


NOTES: 


A. LI and L2 are 10 mH, 0.11 O, Chicago Standard Transformer Corporation C-2688, or equivalent. 

B. Input pulse width is increased until Iqm = 2.5 A. 


FIGURE 2 
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TYPES TIP41, TIP41A. TIP41B, TIP41C 

N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS THERMAL INFORMATION 
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FIGURE 5 

NOTE 8: This combination of maximum voltage and current may be achieved only when switching from saturation to cutoff with a clamped 
inductive load. 
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TYPES TIP42. TIP42A, TIP42B f TIP42C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP41, TIP41A, TIP41B, TIP41C 

• 65 W at 25° C Case Temperature 

• 6 A Rated Collector Current 

• Min fj of 3 MHz at 10 V, 500 mA 


mechanical data 



5 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) 

Continuous Base Current 

Safe Operating Region at (or below) 25° C Case Temperature 
Continuous Device Dissipation at (or below) 25°C Case 

Temperature (See Note 3) 

Continuous Device Dissipation at (or below) 25°C Free-Air 

Temperature (See Note 4) 

Unclamped Inductive Load Energy (See Note 5) .... 

Operating Collector Junction Temperature Range . . . 

Storage Temperature Range 

Lead Temperature 1/8 Inch from Case for 10 Seconds . . 


TIP42 TIP42A TIP42B TIP42C 

-40 V -60 V -80 V -100 V 
-40 V -60 V -80 V -100 V 

5 V ► 

6 A ► 

10 A »> 

-3 A ► 

^ See Figure 5 ► 

65 W 

2 W ► 

62.5 mJ ► 

65°C to 150°C ► 

M 65° C to 150°C ► 

M 260° C ► 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10% . 

3. Derate linearly to 150°C case temperature at the rate of 0.52 W/°C. 

4. Derate linearly to 150°C free-air temperature at the rate of 16 mW/°C. 

5. This rating is based on the capability of the transistor to operate safely in the circuit of Figure 2. L = 20 mH, iRbB2 = 100 £ 1 , 
Vbb 2 = 0 V, Rg = 0.1 12, Vqc = 10 V. Energy ^ Iq2l/2. 
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TYPES TIP42, TIP42A, TIP42B, TIP42C 
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TYPES TIP42, TIP42A, TIP42B, TIP42C 

P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


electrical characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

TIP42 

TIP42A 

TIP42B 

TIP42C 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

Collector-Emitter 
V (B R )CEO Breakdown voltage 

l c = -30mA, 1 b = 0, 

See Note 6 

-40 

-60 

-80 

-100 

V 

Collector Cutoff 
,CEO Current 

V CE =-30V, l B ^0 

-0.7 

-0.7 



mA 

V C E=-60V, l B = 0 



-0.7 

-0.7 

Collector Cutoff 
,CES Current 

V CE = -40 V, V B E = o 

-0.4 




mA 

Vqe = —60 V, Vbe = 0 


-0.4 



v CE = -so v, v B e - o 



-0.4 


V CE =-100V, V B E=0 




-0.4 

Emitter Cutoff 
,EB0 Current 

Veb = -5V / l c = 0 

-1 

-1 

-1 

-1 

mA 

Static Forward 

hpE Current Transfer 

Ratio 

V C E=-4V, lc = -0.3A, 

See Notes 6 and 7 

30 

30 

30 

30 


Vce=- 4V, l C = -3A, 

See Notes 6 and 7 

15 75 

15 75 

15 75 

15 75 

Base-Emitter 

VBE Voltage 

V CE =-4V, lc = -6A f 

See Notes 6 and 7 

-2 

-2 

-2 

-2 

V 

Collector-Emitter 
VcE(sat) Saturation Voltage 

l B = -0.6A, lc = -6A, 

See Notes 6 and 7 

-1.5 

-1.5 

-1.5 

-1.5 

V 

Small-Signal 

Common-Emitter 

Hfo 

Forward Current 

Transfer Ratio 

Vce = — 10 V, l C = ~0.5A, 

f = 1 kHz 

20 

20 

20 

20 


Small-Signal 

, , Common-Emitter 

h fe 

Forward Current 

Transfer Ratio 

V CE =-10V, l C = -0.5A, 

f ,= 1 MHz 

3 

3 

3 

3 



NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 

thermal characteristics 


PARAMETER 

MAX 

UNIT 

RfljC Junction-to-Case Thermal Resistance 

1 .92 

°c/w 

RfljA Junction-to-Free-Air Thermal Resistance 

62.5 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 1, | 

TYP 

UNIT 

t on Turn-On Time 

IC = -6A, 

l B (l) = -0.6A, Ib(2) = 0.6A, 

0.4 

US 

t Q ff Turn-Off Time 

v BE(off) =4 V, 

R[_ = 5 SI, See Figure 1 

0.7 



^Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
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TYPES TIP42, TIP42A, TIP42B, TIP42C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 




5 


TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: 


A. V gen is a 30-V pulse (from 0 V) into a 50-fi termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 15 ns, tf < 15 ns, Z out = 50 £2, t w = 20 /ns, 
duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, Rj n > 10 M£2, Cj n < 11.5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 


INDUCTIVE LOAD SWITCHING 




TEST CIRCUIT 


VOLTAGE AND CURRENT WAVEFORMS 


NOTES: 


A. LI and L2 are 10 mH, 0.11 fl, Chicago Standard Transformer Corporation C-2688, or equivalent. 

B. Input pulse width is increased until I cm = — 2 - 5 A. 


FIGURE 2 


1270 


Texas Instruments 

INCORPORATED 


5-357 


POST OFFICE BOX 5012 


DALLAS, TEXAS 75222 


TYPES TIP42, TIP42A, TIP42B, TIP42C 

P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 

STATIC FORWARD CURRENT TRANSFER RATIO 
vs 

COLLECTOR CURRENT 


DC 

a> 

'ft 

c 

CO 

I— 


1000 

700 

400 

200 

100 

70 

40 

20 

10 

7 

4 
2 
1 


V CE = -4V 
T C = 25° C I 

See Notes 6 and 7~ 


-0.01 -0.04 -0.1 -0.4 -1 -2 -4 

I c~ Collector Current— A 

FIGURE 3 

>: 6. These parameters must be measured using pulse 

techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage- 
sensing contacts separate from the current- 
carrying contacts. 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 



25 50 75 100 125 

T^— Case Temperature—' °C 

FIGURE 4 


150 


MAXIMUM SAFE OPERATING REGION 



-1 -2 -4 -7 -10 -20 -40 -100 -400 

VcE~Collector-Emitter Voltage— V 

FIGURE 5 

NOTE 8: This combination of maximum voltage and current may be achieved only when switching from saturation to cutoff with a clamped 
inductive load. 
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TYPES TIP47 THRU TIP50 
N-P-N SILICON POWER TRANSISTORS 


I HIGH VOLTAGE, HIGH FORWARD AND REVERSE ENERGY 

I DESIGNED FOR INDUSTRIAL AND CONSUMER APPLICATION 

I • 20 mJ Reverse-Energy Rating 

I • 250 V to 400 V Min V(BR)CEO 

• 40 W at 25° C Case Temperature 

• 1-A Rated Collector Current 

• 10 MHz Min fj at 10 V, 0.2 A 

mechanical data 




absolute maximum ratings at 25° C case temperature (unless otherwise noted) 

Collector-Base Voltage 

Co I lector- Emitter Voltage (See Note 1 ) 

Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) 

Continuous Base Current 

Safe Operating Areas at (or below) 25°C Case Temperature 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 

Unclamped Inductive Load Energy (See Note 5) 

Operating Collector Junction Temperature Range 

Storage Temperature Range 

Terminal Temperature 1/8 Inch from Case for 10 Seconds 

NOTES: 1 . These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w <1 ms, duty cycle < 10%. 

3. For operation above 25°C case temperature, refer to Dissipation Derating Curve, Figure 8. 

4. For operation above 25°C free-air temperature, refer to Dissipation Derating Curve, Figure 9. 

5. This rating is based on the capability of the transistor to operate safely in the circuit of Figure 5. L = 100 mH, RbB2 = 100 
V B b2 = 0 V, R s = 0.1 ft, V cc = 20 V. Energy « lc 2 L/2. 


TIP47 TIP48 TIP49 TIP50 

350 V 400 V 450 V 500 V 
250 V 300 V 350 Y 400 V 
5 V 5 V 5 V! 5 V / 
<« 1 a 

2 A ► 

-« 0.6 A ► 

<+ — See Figures 6 and 7 — ► 

^ 40 w ► 

* 2 W ► 

◄ 20 mJ ► 

◄ 65° C to 150°C ► 

65° C to 150°C ► 

260°C * 
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TYPES TIP47, TIP48, TIP49, TIP50 
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TYPES TIP47 THRU TIP50 

N-P-N SILICON POWER TRANSISTORS 


electrical characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

TIP47 

TIP48 

TIP49 

TIP50 

UNIT 

MIN MAX 


MIN MAX 

MIN MAX 

Collector-Emitter 
(BR)CEO Breakdown Voltage 

Iq = 30 mA, Ib = 0, See Note 6 

250 

91 

350 


D 

•CEO Collector Cutoff Current 

V CE = 150V, l B = 0 

1 




mA 

V C E = 200 V, l B = 0 


1 



V CE = 250 V, l B = 0 



1 


V C E = 300 V, l B = 0 




1 

•CES Collector Cutoff Current 

V C E = 350 V, v B e = o 

1 





v C e = 40ov, v B e = o 


1 



Vce = 450 V, V B E = 0 



1 


v C e = 500 v, v B e = o 




1 

•eBO Emitter Cutoff Current 

Veb = 5V, l C = 0 

1 

1 

1 

1 

m 

Static Forward Current 

hpE 

Transfer Ratio 

v C e = iov, ic = 0 - 3A 

See Notes 6 and 7 

30 150 

30 150 

30 150 

30 150 


< 

o 

m 

o 

< 

6" 

> 

10 

10 

10 

10 

Vbe Base-Emitter Voltage 

V CE = 10 V, l c = 1 A 

See Notes 6 and 7 

1.5 

1.5 

1.5 

1.5 

V 

Collector-Emitter 

CE(sat) Saturation Voltage 

l B = 0.2 A, l c = 1 a 

See Notes 6 and 7 

1 

1 

1 

1 

V 

Small-Signal Common-Emitter 
hf e 

Forward Current Transfer Ratio 

Vce = 10 V, l c = 0.2 A, x f = 1 kHz 

25 

25 

25 

25 


■ | Small-Signal Common-Emitter 

Jhf e 

Forward Current Transfer Ratio 

Vce = 10 V, l C = 0.2A, f = 2 MHz 

5 

5 

5 

5 



switching characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONS* 

TYP 

UNIT 

t on Turn-On Time 

• C = 1A, Ibid = 100 mA, *B(2) = —100 mA, 

VsE(off) = “5 V, R e = 200 fi. See Figure 4 

0.2 

JUS 

t Q ff Turn-Off Time 

2 


* Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 

^ TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 
vs 


COLLECTOR CURRENT 

100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 

0.01 0.02 0.04 0.07 0.1 0.2 0.4 0.7 1 

1C— Collector Current— A 


vce = iov 

Tc = 25°C 

See Notes 6 and 






T 

7 














\ 











\ 




















\ 










































FIGURE 1 


BASE-EMITTER VOLTAGE 
vs 

COLLECTOR CURRENT 



COLLECTOR-EMITTER 
SATURATION VOLTAGE 


vs 

COLLECTOR CURRENT 



IQ-Collector Current-A 


IQ-Collector Current-A 


FIGURE 2 


FIGURE 3 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 
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TYPES TIP47 THRU TIP50 
N-P-N SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 



NOTES: 


A. V gen is a —30 V pulse (from 0 V) into a 50-12 termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 15 ns, Z out = 50 12, t w = 20 jus, duty 
cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 1 5 ns, R j n > 10 M12, Cj n < 1 1 .5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 


FIGURE 4 


INDUCTIVE LOAD SWITCHING 




NOTE A: Input pulse width is increased until I^M = 0- 63 A - 


FIGURE 5 
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TYPES TIP47 THRU TIP50 

N-P-N SILICON POWER TRANSISTORS 


MAXIMUM COLLECTOR CURRENT 

VS 


MAXIMUM SAFE OPERATING AREAS 

MAXIMUM COLLECTOR CURRENT 
vs 



2 4 10 20 40 100 200 400 1000 

VCE - 1 Collector-Emitter Voltage— V 

FIGURE 6 



7 10 20 40 70 100 

L— Unclamped Inductive Load— mH 

FIGURE 7 


NOTES: S. 

9. 


This combination of maximum voltage and current may be achieved only when switching from saturation to cutoff with a 
clamped inductive load. 

Above this point the safe operating area has not been defined. 


THERMAL INFORMATION 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



0 25 50 75 100 125 150 

Tc— Case Temperature— °C 

FIGURE 8 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 


£ 

I 

c 

o 


(/> 

ZJ 

o 

=3 

c 



CL 



Ta~ F ree-Air Temperature— °C 

FIGURE 9 
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mechanical data 


TYPES TIP51 THRU TIP54 
N-P-N SILICON POWER TRANSISTORS 


HIGH VOLTAGE, HIGH FORWARD AND REVERSE ENERGY 
DESIGNED FOR INDUSTRIAL AND CONSUMER APPLICATIONS 

• 100 mJ Reverse-Energy Rating 

• 250 V to 400 V Min V(BR)CEO 

• 100 W at 25° C Case Temperature 

• 5 A Peak Collector Current 

• 2.5 MHz Min fj at 10 V, 0.2 A 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 




ALL DIMENSIONS ARE IN INCHES 


5 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) 

Continuous Base Current 

Safe Operating Areas at (or below) 25°C Case Temperature 
Continuous Device Dissipation at (or below) 25°C Case 

Temperature (See Note 3) 

Continuous Device Dissipation at (or below) 25°C Free-Air 

Temperature (See Note 4) 

Unclamped Inductive Load Energy (See Note 5) . . . , 

Operating Collector Junction Temperature Range . . . 

Storage Temperature Range 

Terminal Temperature 1/8 Inch from Case for 10 Seconds 


TIP51 TIP52 TIP53 TIP54 
350 V 400 V 450 V 500 V 
250 V 300 V 350 V 400 V 
5 V 5 V 5 V 5 V 

4 * 3 A 

4 5 A ► 

<4 0.6 A ► 

<4 See Figures 6 and 7 — ► 

4 1 0C W ► 

4 3.5 W ► 

4 100 mJ ► 

4 65° C to 150°C ► 

4 65° C to 150°C ► 

4 260° C ► 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 1 0%. 

3. For operation above 25° C case temperature, refer to Dissipation Derating Curve, Figure 8. 

4. For operation above 25°C free-air temperature, refer to Dissipation Derating Curve, Figure 9. 

5. This rating is based on the capability of the transistor to operate safely in the circuit of Figure 5. L = 30 mH, RbB 2 = 100^* 
V BB2 = O V, R s = 0.1 ft, V cc = 20 V. Energy « l c 2 L/2., 
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TYPES TIP51 THRU TIP54 

N-P-N SILICON POWER TRANSISTORS 


electrical characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

TIP51 

TIP52 

TIP53 

TIP54 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

Collector-Emitter 
v (BR)CEO Breakdown Voltage 

Iq = 30 mA, I3 = 0, See Note 6 

250 

300 

350 

400 

V 

•CEO Collector Cutoff Current 

V CE = 150 V, l B = 0 

1 




mA 

V C e = 200V, l B = 0 


1 



V CE = 250 V, l B = 0 



1 


V CE = 300 V, l B = 0 




1 

Ices Collector Cutoff Current 

V CE = 350 V, V BE = 0 

1 




mA 

V CE = 400 V, V BE = 0 


1 



Vce = 450 V, V BE = 0 



1 


V CE = 500 V, V BE = 0 




1 

l EB 0 Emitter Cutoff Current 

VeB = 5V, l C = 0 

1 

1 

1 

1 

mA 

Static Forward Current 

hpE 

Transfer Ratio 

Vce = lov, i c = o.3A, 

See Notes 6 and 7 

30 150 

3p 150 

30 150 

30 150 


V C E = 10 V, 'C = 3A, 

See Notes 6 and 7 

10 

10 

10 

10 

Vbe Base-Emitter Voltage 

V C e = iov, ic = 3A, 

See Notes 6 and 7 

1.5 

1.5 

1.5 

1.5 

V 

Collector-Emitter 
v CE(sat) Saturation Voltage 

l B = 0.6 A, l C = 3 A, 

See Notes 6 and 7 

1.5 

1.5 

1.5 

1.5 

V 

Small-Signal 

Common-Emitter 

hf e 

Forward Current 

T ransfer Ratio 

V C E = 10V, l C = 0.2 A, f = 1 kHz 

30 

30 

30 

30 


Small-Signal 

. | Common-Emitter 

e Forward Current 

Transfer Ratio 

v C e = iov, ic = o.2A, f=i mhz 

2.5 

2.5 

2.5 

2.5 



switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* 

TYP 

UNIT 

t on Turn-On Time 

IC=1A, 1 B ( 1) = 100 mA, l B (2) = — 100 mA, 

^BE (off) = “5 V, R E = 200 S7, See Figure 4 

0.25 

JUS 

t 0 ff Turn-Off Time 

5 


^Voltage and current values snown are nominal; exact values vary slightly with transistor parameters. 


STATIC FORWARD CURRENT TRANSFER RATIO 



0.01 0.04 0.1 0.4 1 4 10 

1C— Collector Current— A 

FIGURE 1 


TYPICAL CHARACTERISTICS 


BASE-EMITTER VOLTAGE 
vs COLLECTOR CURRENT 


0.9 

> 0.8 

f 0.7 

> 0.6 

.1 0.5 
E 

0.4 


g 0.2 
0.1 
0 

0.01 0.04 0.1 0.4 1 4 

Ic-Collector Current— A 

FIGURE 2 


vce - io v 

T C = 25°C 

See Notes 6ar 







id 7 




> 

7 ” 














— 

■r — 





























































COLLECTOR-EMITTER SATURATION VOLTAGE 



FIGURE 3 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 
0.125 inch from the device body. 
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TYPES TIP51 THRU TIP54 
N-P-N SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 




TEST CIRCUIT 


VOLTAGE WAVEFORMS 


NOTES: 


A. V gen is a —30 V pulse (from 0 V) into a 50 -12 termination. 

B. The V gen waveform is supplies by a generator with the following characteristics: t r < 15 ns, Z out = 50 12, t w = 20 jus, duty 
cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, R; n > 10 M12, Cj n < 1 1.5 pF. 

D. Resistors must be noninductive types. 

E. The.d-c power supplies may require additional bypassing in order to minimize ringing. 



FIGURE 4 


INDUCTIVE LOAD SWITCHING 




TEST CIRCUIT 


VOLTAGE AND CURRENT WAVEFORMS 


NOTE A: Input pulse width is increased until Iqm = 2.58 A. 


FIGURE 5 
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TYPES TIP51 THRU TIP54 

N-P-N SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 


MAXIMUM COLLECTOR CURRENT 



1 4 10 40 100 400 1000 


Vce— C ollector-Emitter Voltage— V 


MAXIMUM COLLECTOR CURRENT 
vs UNCLAMPED INDUCTIVE LOAD 



20 30 50 70 100 200 300 500 

L— Unclamped Inductive Load— mH 


FIGURE 6 


FIGURE 7 


NOTE 8: Above this point, the safe operating area has not been defined. 


THERMAL INFORMATION 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



0 25 50 75 100 125 150 

T/\— Free-Air Temperature— °C 


FIGURE 8 


FIGURE 9 
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TYPES TIP110, TIP111, TIP112 
N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


DESIGNED FOR COMPLEMENTARY USE WITH TIP1 15, TIPI 16 f TIP1 17 
•’ High SO/J Capability, 40 V and 1 .25 A 

• 50 W at 25° C Case Temperature • Min hpE of 500 at 4 V, 2 A 

• 2-A Rated Collector Current • 25-mJ Reverse Energy Rating 


device schematic 


mechanical data 


COLLECTOR 




TIP110 TIPI 1 1 TIP112 


Collector-Base Voltage 60 V 80 V 100 V 

Collector-Emitter Voltage (See Note 1 ) 60 V 80 V 100 V 

Emitter-Base Voltage 5 V 5 V 5 V 

Continuous Collector Current ◄ 2 A ► 

Peak Collector Current (See Note 2) + 4 A ► 

Continuous Base Current 50 mA ► 

Safe Operating Areas at (or below) 25°C Case Temperature See Figures 7 and 8— ► 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) . . «« 50 W ► 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 2 W ► 

Unclamped Inductive Load Energy (See Note 5) 25 mJ ► 

Operating Collector Junction Temperature Range < 65°C to 150°C — ► 

Storage Temperature Range * 65°Cto150°C — ► 

Lead Temperature 1/8 Inch from Case for 10 Seconds * 260°C — ► 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 150°C case temperature at the rate of 0.4 W/°C or refer to Dissipation Derating Curve, Figure 9. 

4. Derate linearly to 150°C free-air temperature at the rate of 16 mW/°C or refer to Dissipation Derating Curve, Figure 10. 

5. This rating is based on the capability of the transistors to operate safely in the circuit of Figure 2. L = 100 mH, RbB 2 “ 100 fi, 
Vbb2 = 0 V, R 5 = 0.1 £ 2 , Vqq = 20 V. Energy « Iq^L/2. 
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TYPES TIP110, TIP111, TIP112 

N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


electrical characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

TIP110 

TIP111 

TIP112 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

Collector-Emitter 

V(BR)CEO Breakdown voltage 

1C = 30 mA, 1 b = 0, See Note 6 

60 

80 

100 

V 

• CEO Collector Cutoff Current 

V CE = 30V, l B = 0 

2 



mA 

VcE ~ 40 V, l B = 0 


2 


V C e = 50V, l B = 0 



2 

•CBO Collector Cutoff Current 

V C b = 60V, l E = 0 

1 



mA 

V cb = 80V, l E = 0 


1 


V CB = 100 V, l£ = 0 



1 

lEBO Emitter Cutoff Current 

VEB = 5V, l C =0 

2 

2 

2 

mA 

Static Forward Current 
hpE 

Transfer Ratio 

V CE = 4V, l C =1A 

See Notes 6 and 7 

1000 

1000 

1000 


Vce = 4V, IC=2A 

500 

500 

500 

V BE Base-Emitter Voltage 

Vce = 4 V, lc~2A, See Notes 6 and 7 

2.8 

2.8 

2.8 

V 

Collector-Emitter 
v CE(sat) Saturation Voltage 

l B = 8 mA, lc = 2 A, See Notes 6 and 7 

2.5 

2.5 

2.5 

V 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jits, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 1 ^ 

TYP 

UNIT 

ion 

Turn-On Time 

l C =2A, 

1 B( 1 ) = 8 mA, l B (2) = -8mA, 

2.6 

jUS 

toff 

Turn-Off Time 

v BE(off) = 

—5 V, R |_ = 1 5 12, See F igure 1 

4.5 


^Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 



TEST CIRCUIT 


VOLTAGE WAVEFORMS 


NOTES: 


A. Vg en is a — 30-V pulse (from 0 V) into a 50-12 termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 15 ns, tf < 15 ns, Z out = 50 12, t w = 20 jus, 
duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, Rj n > 10. M12, C- m <11.5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 


FIGURE 1 
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VCE (sat) -Collector-Emitter Saturation Voltage 


TYPES TIP110, TIP111. TIP112 
N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


INDUCTIVE LOAD SWITCHING 



TEST CIRCUIT VOLTAGE AND CURRENT WAVEFORMS 

NOTE A: Input pulse width is increased until Iqm = 0.71 A. 

FIGURE 2 

TYp|CAL CHARACTERISTICS ~ 


STATIC FORWARD CURRENT 
TRANSFER RATIO 

COLLECTOR CURRENT 



0.4 0.7 1 2 3 4 

Iq— C ollector Current— A 

FIGURE 3 



-75 -50 -25 0 25 50 75 100 125 150 175 

TQ-Case Temperature— °C 

FIGURE 4 


COLLECTOR-EMITTER 
SATURATION VOLTAGE 



-75 -50-25 0 25 50 75 100 125 150 175 

Tc— Case Temperature— C 


SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 


FREQUENCY 



1 2 4 7 10 


f— Frequency— MHz 


FIGURE 5 


FIGURE 6 
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TYPES TIP110. TIP111, TIP112 

N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 


MAXIMUM COLLECTOR CURRENT 


VS 



10 20 40 70 100 200 400 


MAXIMUM COLLECTOR CURRENT 


vs 



2 4 7 10 20 40 4 100 200 


VcE-Collector-Emitter Voltage— V 

FIGURE 7 


L— Undamped Inductive Load— mH 
FIGURE 8 


NOTE 8: Above this point the safe operating area has not been defined. 

THERMAL INFORMATION 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 


O 

E 


I 

I- 



FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



Tq— C ase Temperature— °C 


Ta— F ree-Air Temperature— °C 


FIGURE 9 


FIGURE 10 
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TYPES TIP115, TIP116, TIP117 
P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


DESIGNED FOR COMPLEMENTARY USE WITH TIP1 10 # TIP1 1 1 , TIP1 12 

• High SOA Capability, 40 V and 1.25 A 

• Min hpE of 500 at 4 V, 2 A 

• 25-mJ Reverse Energy Rating 


• 50 W at 25° C Case Temperature 

• 2-A Rated Collector Current 
device schematic 


COLLECTOR 


mechanical data 




absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TIP115 TIP116 TIP117 


Collector-Base Voltage -60 V —80 V —100 V 

Collector-Emitter Voltage (See Note 1) —60 V —80 V — 100 V 

Emitter-Base Voltage —5 V —5 V —5 V 

Continuous Collector Current + 2 A ► 

Peak Collector Current (See Note 2) + 4 A 

Continuous Base Current ♦ — —50 mA ► 

Safe Operating Areas at (or below) 25°C Case Temperature See Figures 7 and 8— ► 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) . . * 50 W ► 

Continuous Device Dissipation at (or below) 25° C Free- Air Temperature (See Note 4) ■*— 2 W - — — -»* 

Unclamped Inductive Load Energy (See Note 5) + 25 mJ * 

Operating Collector Junction Temperature Range . . . + 65Ctol50°C — 

Storage Temperature Range 65°Cto150C — ► 

Lead Temperature 1/8 Inch from Case for 10 Seconds + 260 ► 

NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for tw < 0.3 ms, duty cycle < 1 0%. 


3. Derate linearly to 150°C case temperature at the rate of 0.4 W/°C or refer to Dissipation Derating Curve, Figure 9. 

4. Derate linearly to 150°C free-air temperature at the rate of 16 mW/°C or refer to Dissipation Derating Curve, Figure 10. 

5. This rating is based on the capability of the transistorsto operate safely in the circuit of Figure 2. L = 100 mH, RbB2 = 100 ft, 
V BB2 = 0 V, R s = 0.1 n, V CC = 20 V. Energy « » c 2 L/2. 
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TYPES TIP115, TIP116, TIP117 

P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


electrical characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

TIP1 15 

TIP116 

TIP117 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

Collector-Emitter 
v (BR)CEO Breakdown Voltage 

|q = — 30 mA, Ib = 0, See Note 6 

-60 

-80 

-100 

V 

•CEO Collector Cutoff Current 

V CE = -30 V, l B = 0 

-2 



mA 

V CE = -40 V, l B = 0 


-2 


V CE = —50 V, l B = 0 



-2 

*CBO Collector Cutoff Current 

V CB = -60V, I e = 0 

-1 



mA 

V CB = “80 V, l E = 0 


-1 


v CB = -100 V, l E = 0 



-1 

lEBO Emitter Cutoff Current 

V EB = -5V, l C =0 

-2 

-2 

-2 

mA 

Static Forward Current 

hpE 

Transfer Ratio 

V CE = -4V, I C = -1A 

See Notes 6 and 7 

1000 

1000 

1000 


V CE = -4 V, l C = -2 A 

500 

500 

500 

Vbe Base-Emitter Voltage 

Vq E = — 4 V, Iq = —2 A, See Notes 6 and 7 

-2.8 

-2.8 

-2.8 

V 

Collector-Emitter 
v CE(sat) Saturation Voltage 

l B =— 8 mA, Iq = —2 A, See Notes 6 and 7 

-2.5 

-2.5 

-2.5 

V 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 ids, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 


5 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 1- 

TYP 

UNIT 

t on Turn-On Time 

IC = - 2A , 1 B ( 1 ) = “ 8 mA , l B (2) ” ® m A, 

V B E(off) = 5V, Ri_ = 15f2, See Figure 1 

2.6 

jUS 

toff Turn-Off Time 

4.5 


"*"Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 

pARAMETER measurement information 




VOLTAGE WAVEFORMS 


NOTES: 


A. V gen is a 30- V pulse (from 0 V) into a 50-f2 termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 15 ns, tf < 15 ns, Z out = 50 SI, t w = 20 jus, 
duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, Rj n > 10 M$2, Cj n < 1 1.5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 


FIGURE 1 
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TYPES TIP115, TIP116, TIP117 
P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


1271 


INDUCTIVE LOAD SWITCHING 



t w * 3.5 m* (See Note Al 



VOLTAGE AND CURRENT WAVEFORMS 


NOTE A: Input pulse width is increased until Iqm = —0-71 A. 


FIGURE 2 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT 
TRANSFER RATIO 


COLLECTOR CURRENT 



COLLECTOR-EMITTER 
SATURATION VOLTAGE 
vs 

CASE TEMPERATURE 


1 b = —8 m A 
_ Ir = — 2 A 






See 

Not 

es 6 

and 









I 



















_ 




















H 
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-75 -50-25 0 25 50 75 100 125 150 175 
Tc— Case Temperature— °C 


FIGURE 5 


B ASE -E M ITTE R VOLTAG E 



-75-50-25 0 25 50 75 100 125 150 175 
Tc~ Case Temperature-°C 

FIGURE 4 

SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 



f— Frequency— MHz 

FIGURE 6 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 
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TYPES TIP115. TIP116, TIP117 

P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 


MAXIMUM COLLECTOR CURRENT 


VS 



-10 -20 -40 - 70-100 -200 -400 


MAXIMUM COLLECTOR CURRENT 


vs 



2 4 7 10 20 40 70100 200 


VCE - 1 Collector-Emitter Voltage— V 

FIGURE 7 

NOTE 8: Above this point the safe operating area has not been defined. 


L— Undamped Inductive Load— mH 
FIGURE 8 


THERMAL INFORMATION 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



0 25 50 75 100 125 150 


FREE-AIR TEMPERATURE 



0 25 50 75 100 125 150 


Tc~ Case Temperature-°C 

FIGURE 9 


Ta— Free-Air Temperature— °C 

FIGURE 10 
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TYPES TIP120, TIP121, TIP122 
N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


DESIGNED FOR COMPLEMENTARY USE WITH TIP125, TIP126, TIP127 

• 65 W at 25° C Case Temperature • Min hpE of 1000 at 3 V, 3 A 

• 5 A Rated Collector Current • 50 mJ Reverse Energy Rating 

device schematic collector 



mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


MECHANICAL INTERCHANGEABILITY OF TIP120 
PLASTIC PACKAGE WITH TO-66 OUTLINE 




(TO-66 DIMENSIONS) 


THIS PORTION OF LEADS 
FREE OF FLASH 


BASE — ► 
COLLECTOR — ► 
EMITTER — »■ 



0 105 





ALL DIMENSIONS ARE IN INCHES 


5 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

TIP120 TIP121 TIP122 

Col lector- Base Voltage 60 V 80 V 100 V 

Collector-Emitter Voltage (See Note 1) 60 V 80 V 100 V 

Emitter- Base Voltage 5 V 5 V 5 V 

Continuous Collector Current 5 A 

Peak Collector Current (See Note 2) 8 A ► 

Continuous Base Current * 0.1 A ► 

Safe Operating Areas at (or below) 25°C Case Temperature — See Figures 7 and 8 — ► 

Continuous Device Dissipation at (or below) 25° C Case Temperature (See Note 3) . . + 65 W ► 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 2 W ► 

Unclamped Inductive Load Energy (See Note 5) ** 50 mJ ► 

Operating Collector Junction Temperature Range 65°C to 150°C — ► 

Storage Temperature Range •+ 65°Cto150°C — ► 

Lead Temperature 1/8 Inch from Case for 10 Seconds 260° C ► 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 150°C case temperature at the rate of 0.52 W/° C or refer to Dissipation Derating Curve, Figure 9. 

4. Derate linearly to 150°C free-air temperature at the rate of 16 mW/°C or refer to Dissipation Derating Curve, Figure 10. 

5. This rating is based on the capability of the transistors to operate safely in the circuit of Figure 2. L = 100 mH, R BB2 = 100 £2, 
V BB2 = o V, R s = 0.1 £2, Vqc = 20 v * Energy « Iq 2 L/2. 
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TYPES TIP120, TIP121, TIP122 

N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


electrical characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

TIP120 

TIP121 

TIP122 

UNIT 

MIN MAX 

MIN MAX 

X 

< 

2 

Collector-Emitter 
(BR)CEO Breakdown Voltage 

lQ=30mA, l B = 0, See Note 6 

60 

80 

100 

V 

•CEO Collector Cutoff Current 

Vce “ 30 V, l B = 0 

0.5 



mA 

V C E = 40V, l B = 0 


0.5 


v C e = 50 V, i B = o 



0.5 

*CBO Collector Cutoff Current 

V cb = 60V, l E = 0 

0.2 



mA 

V C b = 80V, l E = 0 


0.2 


o 

II 

_LU 

> 

O 

o 

II 

00 

O 

> 



0.2 

*EBO Emitter Cutoff Current 

V E b = 5V, Ic = 0 

2 

2 

2 

mA 

Static Forward Current 

hpE 

Transfer Ratio 

v CE = 3V, l c = 0.5 A 

See Notes 6 and 7 

1000 

1000 

1000 


VCE = 3V, l C = 3 A 

1000 

1000 

1000 

Vbe Base-Emitter Voltage 

V C e = 3V, Iq = 3 A, See Notes 6 and 7 

2.5 

2.5 

2.5 

V 

Collector-Emitter 

CE(sat) Saturation Voltage 

1 B = 12 mA, l C = 3 A 

See Notes 6 and 7 

2 

2 

2 

V 

l B = 20 mA, l C = 5 A 

4 

4 

4 



NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 Ms, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and Located within 0.125 
inch from the device body. 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* j 

TYP 

UNIT 

ton 

Turn-On Time 

l C = 3A, 

I B (U = 12 mA > 

1 B(2) - -12 mA, 

1.5 

MS 

toff 

Turn-Off Time 

Vbe (off) = 

-5 v, r l = ion. 

See Figure 1 

8.5 


t Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 



NOTES: 


A. V gen is a — 30-V pulse (from 0 V) into a 50-f2 termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 15 ns, tf < 15 ns, Z out = 50 SI, t w = 20 jus, 
duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, Rj n > 10 Mf2, Cj n < 1 1 .5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 


FIGURE 1 


1271 

5-376 Texas Instruments 

INCORPORATED 
POST OFFICE BOX 5012 • 


DALLAS, TEXAS 75222 





TYPES TIP120. TIP121. TIP122 
N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


INDUCTIVE LOAD SWITCHING 



. t w « 5 ms (See Note A) 


INPUT 

VOLTAGE 

-5 


COLLECTOR 

CURRENT 




ir 


r i i | i i 

vibrjcer — r — In ! — H — 


COLLECTOR 

VOLTAGE 


20 V 

VCE(sat) - 




VOLTAGE AND CURRENT WAVEFORMS 


NOTE A: Input pulse width is increased until Iqm = 1 A. 


FIGURE 2 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



0.4 0.7 1 2 4 7 10 

1C— Collector Current— A 

FIGURE 3 


BASE-EMITTER VOLTAGE 
vs 

CASE TEMPERATURE 



Tc— Case Temperature— °C 


FIGURE 4 


COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 

CASE TEMPERATURE 


e Notes 6 and 7 


s 


1(3 = 20 mA, lc = 5A 


= 12 mA, ( C = 3 a5 


4 - 


IB = 2 mA, lc = 1 A 


-75-50-25 0 25 50 75 100 125 150 175 

Tc— Case Temperature— °C 


SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 


vs 



f— Frequency— MHz 


FIGURE 5 FIGURE 6 

NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 
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TYPES TIP120, TIP121, TIP122 

N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 


MAXIMUM COLLECTOR CURRENT 

VS 

COLLECTOR-EMITTER VOLTAGE 
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4 7 10 20 40 70100 200 400 


MAXIMUM COLLECTOR CURRENT 


vs 



1 2 4 7 10 20 40 70100 200 


VcE“Collector-Emitter Voltage— V 

FIGURE 7 


L— Undamped Inductive Load— mH 
FIGURE 8 


NOTES: 8. This combination of maximum voltage and current may be achieved only when switching from saturation to cutoff with a 
clamped inductive load. 

9. Above this point the safe operating area has not been defined. 


THERMAL INFORMATION 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 




0 25 50 75 100 125 150 


Tq — Case Temperature— °C 


Ta— Free-Air Temperature— °C 


FIGURE 9 


FIGURE 10 
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TYPES TIP125, TIP126, TIP127 
P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


DESIGNED FOR COMPLEMENTARY USE WITH TIP120, TIP121, TIP122 

• 65 W at 25° C Case Temperature • Min hpE of 1000 at 3 V, 3 A 

• 5 A Rated Collector Current • 50 mJ Reverse Energy Rating 


I device schematic 


COLLECTOR 



mechanical data 



TIP125 TIP126 TIP127 


Collector-Base Voltage -60 V -80 V -100 V 

Collector-Emitter Voltage (See Note 1 ) -60 V -80 V -100 V 

Emitter-Base Voltage —5 V —5 V —5 V 

Continuous Collector Current ◄ 5 A ► 

Peak Collector Current (See Note 2) ◄ 8 A ► 

Continuous Base Current ^ 0.1 A ► 

Safe Operating Areas at (or below) 25°C Case Temperature * — See Figures 7 and 8— ► 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) . . + 65 W ► 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) ^ 2 W ► 

Unclamped Inductive Load Energy (See Note 5) 50 mJ ► 

Operating Collector Junction Temperature Range + 65°C to 150°C — ► 

Storage Temperature Range 65°C to 150°C — ► 

Lead Temperature 1/8 Inch from Case for 10 Seconds + 260° C *■ 

NOTES: 1 . These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 


3. Derate linearly to 150°C case temperature at the rate of 0.52 W/°C or refer to Dissipation Derating Curve, Figure 9. 

4. Derate linearly to 150°C free-air temperature at the rate of 16 mW/°C or refer to Dissipation Derating Curve, Figure 10. 

5. Thisr rating is based on the capability of the transistors to operate safely in the circuit of Figure 2. L = 100 mH, RbB 2 = 100 
V BB 2 = 0 V, R s = 0.1 £2, V CC = 20 V. Energy « lc 2 L/2. 


1271 


Texas Instruments 

INCORPORATED 


5-379 


POST OFFICE BOX 5012 


DALLAS, TEXAS 75222 


TYPES TIPI 25, TIPI 26, TIPI 27 
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TYPES TIP125, TIP126, TIP127 

P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONS 

TIP125 

TIP126 

TIP127 

UNIT 

X 

< 

2 

I 

MIN MAX 

MIN MAX 

Collector-Emitter 

V(BR)CEO Breakdown Voltage 

•c ~ — 30 mA, Ib = 0, See Note 6 

-60 




>CEO Collector Cutoff Current 

V C e = ~30V, I b = 0 

-0.5 




V ce = -40V, l B = 0 


-0.5 


V C E = -50V, I b = 0 



-0.5 

•CBO Collector Cutoff Current 

V cb = -60V, l E = 0 

-0.2 




V cb = -80V, l E = 0 


-0.2 


v cb = -ioov, l E = 0 



-0.2 

*EBO Emitter Cutoff Current 

V EB = -5V, l C = 0 

-2 

-2 

-2 

mA 

Static Forward Current 

h EE 

Transfer Ratio 

Vce = -3V, l C = -0.5A 

See Notes 6 and 7 

1000 




V C E = -3V, l C = -3A 

1000 


1000' 

V BE Base-Emitter Voltage 

V C E = -3V, Iq=- 3A, See Notes 6 and 7 

-2.5 

-2.5 

-2.5 

m 

Collector-Emitter 
v CE(sat) Saturation Voltage 

l B = — 12 mA, l C = -3A 


-2 

-2 

-2 

3 

l B = -20 mA, l C = —5 A 


-4 

—4 

-4 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 


5 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* 

TYP 

UNIT 

ton 

Turn-On Time 

lc = —3 A, l B (2) = -12 mA, 

l B (2) = 12 mA » 

1.5 

jus 

toff 

Turn-Off Time 

^BE(off) = 5 V, R L =10O, 

See Figure 1 

8.5 


^Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 




VOLTAGE WAVEFORMS 


NOTES: 


A. V gen is a 30-V pulse (from 0 V) into a 50-fi termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 15 ns, tf < 15 ns, Z out = 50 SI, t w = 20 jus, 
duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, Rj n >10 Mf2, Cj n < 1 1.5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 


FIGURE 1 
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TYPES TIP125, TIP126, TIP127 
P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


INDUCTIVE LOAD SWITCHING 



TEST CIRCUIT 

NOTE A: Input pulse width in increased until l C |^ = — 1 A, 

FIGURE 2 



TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIC 
vs 

COLLECTOR CURRENT 



BASE-EMITTER VOLTAGE 



-75 - 50-25 0 25 50 75 100 125 150 175 
T c— Case T emperature— °C 

FIGURE 4 


COLLECTOR-EMITTER SATURATION VOLTAGE 



-75 - 50-25 0 25 50 75 100 125 150175 


SMALL-SIGNAL COMMON-EMITTER 
FORWARD-CURRENT TRANSFER RATIO 
vs 



1 2 4 7 10 


Tc— Case Temperature— °C 


f— Frequency— MHz 


FIGURE 5 


FIGURE 6 


5 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 /xs, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 
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TYPES TIP125, TIP126, TIP127 

P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 


MAXIMUM COLLECTOR CURRENT 

VS 



MAXIMUM COLLECTOR CURRENT 
vs 



-4 - 7-10 -20 


-40 


-100 -200 -400 


1 


NOTES: 8. 

9 . 


2 4 7 10 20 40 70100 200 

L— Undamped Inductive Load— mH 

FIGURE 8 

These combinations of maximum voltage and current may be achieved only when switching from saturation to cutoff with a 
clamped inductive load. 

Above this point the safe operating area has not been defined. 


VCE~ ' Collector-Emitter Voltage— V 

FIGURE 7 


THERMAL INFORMATION 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



£ 

I 


c 

0 

E 

3 

E 

x 

1 



Tc~ Case Temperature— °C 


Ta~ F ree-Air Temperature— °C 


FIGURE 9 


FIGURE 10 
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TYPES TIP140, TIP141, TIP142 
N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 

DESIGNED FOR COMPLEMENTARY USE WITH TIP145, TIP146, TIP147 

• 125 W at 25° C Case Temperature • Min hfE of 1000 at 4 V, 5 A 

• 10-A Rated Collector Current • 100-mJ Reverse Energy Rating 


COLLECTOR 


device schematic 



mechanical data 
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absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

TIP140 TIP141 TIP142 

Collector-Base Voltage 60 V 80 V 100 V 

Co I lector- Emitter Voltage (See Note 1) 60 V 80 V 100 V 

Emitter-Base Voltage 5 V 5 V 5 V 

Continuous Collector Current . * 10 A ► 

Peak Collector Current (See Note 2) * 15 A ► 

Continuous Base Current + 0.5 A ► 

Safe Operating Areas at (or below) 25°C Case Temperature + — See Figures 7 and 8— ► 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) . . + 125 W * 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 3.5 W ** 

Unclamped Inductive Load Energy (See Note 5) ** 100 mJ ► 

Operating Collector Junction Temperature Range ■* 65°C to 150°C — ► 

Storage Temperature Range < 65°C to 150°C — ► 

Lead Temperature 1/8 Inch from Case for 10 Seconds * 260°C ► 

NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 


3. Derate linearly to 150°C case temperature at the rate of 1 W/°C or refer to Dissipation Derating Curve, Figure 9. 

4. Derate linearly to 150°C free-air temperature at the rate of 28 mW/°C or refer to Dissipation Derating Curve, Figure 10. 

5. This rating is based on the capability of the transistors to operate safely in the circuit of Figure 2. L = 100 mH, RbB 2 = ^ 00 
V BB2 = 0 V, R s = 0.1 ft, V cc = 20 V. Energy » l c 2 L/2. 
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TYPES TIP140, TIP141, TIP142 

N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


electrical characteristics at 25° C case temperature 


PARAMETER 



TIP140 

TIP141 

TIP142 





MIN 

MAX 

MIN 

MAX 

MIN 

MAX 


v (BR)CEO 

Collector-Emitter 

Breakdown Voltage 

Iq = 30 mA, 

'b = o. 

See Note 6 

60 

80 

100 

V 



V C E = 30 V, 

i b = o 


2 




'CEO 

Collector Cutoff Current 

V CE = 40 V, 

l B = ° 



2 


mA 



V CE = 50 V, 

'b = o 




2 




V CB = 60 V, 

l E = 0 


1 




'CBO 

Collector Cutoff Current 

V C B = 80 V, 

l E ” o 



1 


mA 



V CB = 100 V 

, l E = 0 




1 


'EBO 

Emitter Cutoff Current 

V EB = 5 V, 

ic = o 


2 

2 

2 

mA 

hpE 

Static Forward Current 

V CE = 4V, 

l C =5A 

See Notes 6 and 7 

1000 

1000 

1000 


Transfer Ratio 

V C E = 4 V, 

l C = 10A 

500 

500 

500 


Vbe 

Base-Emitter Voltage 

V C E = 4 V, 

I C = 10 A, 

See Notes 6 and 7 

3 

3 

3 

V 

VcE(sat) 

Collector-Emitter 

l B = 10 mA, 

l C =5A 

See Notes 6 and 7 

2 

2 

2 

y 

Saturation Voltage 

l B = 40 mA, 

l C = 10A 

3 

3 

3 




NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 fx s, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* 

TYP 

UNIT 

ton 

Turn-On Time 

'C= 10A, 

1 B ( 1 ) = 40 mA, l B (2) = -40 mA, 

0.9 


toff 

Turn-Off Time 

^be (off) = 

—4.2 V, R l = 3 ft, See F igure 1 

11 

JUS 


"^Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 



NOTES: 


A. V gen is a — 30-V pulse (from 0 V) into a 50-fl termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 15 ns, tf < 15 ns, Z out = 50 £2, t w = 20 jus, 
duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, Rj n >10 M£2, Cj n <11.5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringirtg. 


FIGURE 1 
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TYPES TIP140, TIP141, TIP142 
N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


INDUCTIVE LOAD SWITCHING 




VOLTAGE AND CURRENT WAVEFORMS 


NOTE A: Input pulse width is increased until I ciVI = 1 - 42 A. 


FIGURE 2 

TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT 
TRANSFER RATIO 
vs 



0.4 0.7 1 2 4 7 10 

IC-Collector Current-A 


FIGURE 3 


BASE-EMITTER VOLTAGE 
vs 

CASE TEMPERATURE 



Tq— C ase Temperature— °C 

FIGURE 4 


COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 



-75 -50 -25 0 25 50 75 100 125 150 175 

Tq— C ase Temperature— °C 

FIGURE 5 


SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 


FREQUENCY 



5 


NOTES: 6. These parameters must be measured using pulse techniques, t w = 300 jus, duty cyc.le < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 
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TYPES TIP140, TIP141, TIP142 

N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 



< 

i 

•M 

c 

<0 


=3 


O 

o 


o 

o 


X 

ro 

I 

u 


MAXIMUM COLLECTOR CURRENT 
vs 



10 20 40 70 100 200 400 


< 

l 

c 

Cl) 


O 

o 


o 

o 


E 

Z3 

E 


x 

03 


i 

o 


Vce~ C ollector-Emitter Voltage-V 
FIGURE 7 


NOTE 8: Above this point the safe operating area has not been defined. 


MAXIMUM COLLECTOR CURRENT 
vs 



0.4 1 4 10 40 100 400 


L— Unclamped Inductive Load— mH 
FIGURE 8 


THERMAL INFORMATION 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



25 


50 


75 


100 125 


150 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



Tc-Case Temperature - 0 C 


T/\— Free-Air Temperature— °C 


FIGURE 9 


FIGURE 10 


5-386 Texas Instruments 

INCORPORATED 

• DALLAS. TEXAS 75222 


PRINTED IN U.S A 
Tl connof assume any responsibility for any circuits shown 
or represent that they are free from patent infringement. 


1271 


POST OFFICE BOX 5012 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 









TYPES TIP145, TIP146, TIP147 
P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


DESIGNED FOR COMPLEMENTARY USE WITH TIP140, TIP141, TIP142 

• 125 W at 25°C Case Temperature • Min hpE of 1000 at 4 V, 5 A 

• 10-A Rated Collector Current • 100 mJ Reverse Energy Rating 


device schematic 


mechanical data 


COLLECTOR 




absolute maximum ratings at 25° C case temperature (unless otherwise noted) 

TIP145 TIP146 TIPI 47 

Collector-Base Voltage —60 V —80 V —100 V 

Collector-Emitter Voltage (See Note 1) —60 V —80 V —100 V 

Emitter-Base Voltage -5V -5 V -5V 

Continuous Collector Current <+ 10 A ► 

Peak Collector Current (See Note 2) + 15 A ► 

Continuous Base Current <+ 0.5 A ► 

Safe Operating Areas at (or below) 25° C Case Temperature See Figures 7 and 8 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) . . 1 25 W ► 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) ** 3.5 W 

Unclamped Inductive Load Energy (See Note 5) 100 mJ ► 

Operating Collector Junction Temperature Range 65°C to 150°C ► 

Storage Temperature Range < 65°Cto150°C — ► 

Lead Temperature 1/8 Inch from Case for 10 Seconds + 260°C ► 

NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 1 0%. 


3. Derate linearly to 150°C case temperature at the rate of 1 W/°C or refer to Dissipation Derating Curve, Figure 9. 

4. Derate linearly to 150°C free-air temperature at the rate of 28 mW/°C or refer to Dissipation Derating Curve, Figure 10, 

5. This rating is based on the capability of the transistors to operate safely in the circuit of Figure 2. L = 100 mH, RbB 2 = 100 £2* 
V BB2 = 0 V, R s = 0.1 SI, V cc = 20 V. Energy » l c 2 L/2. 
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TYPES TIP145, TIP146, TIP147 

P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


electrical characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

TIP145 

TIP146 

TIP147 

UNIT 

MIN 

X 

< 

MIN 

X 

< 

MIN 

X 

< 

2 

v (BR)CE0 

Collector-Emitter 

Breakdown Voltage 

Iq = —30 mA, 

i B = o, 

See Note 6 

-60 

-80 

-100 

V 



V C E = -30 V, 

l B = o 


-2 




'CEO 

Collector Cutoff Current 

VcE = -40 V, 

l B = ° 



-2 


mA 



V C E = -50 V, 

TO 

II 

O 




-2 




V CB = -60 V, 

l E = 0 


-1 




'CBO 

Collector Cutoff Current 

V CB = -80 V, 

m 

o 



-1 


mA 



V C B = -100 V, 

i E = o 




-1 


'EBO 

Emitter Cutoff Current 

V EB = —5 V, 

I C = 0 


-2 

-2 

-2 

mA 

h FE 

Static Forward Current 

V C E = -4 V, 

I C = -5A 

See Notes 6 and 7 

1000 

1000 

1000 


Transfer Ratio 

V C e = -4 V, 

l C = -10 A 

500 

500 

500 


v be 

Base-Emitter Voltage 

V CE = -4 V, 

1 q = — 1 0 A, See Notes 6 and 7 

-3 

-3 

-3 

V 

v CE(sat) 

Collector-Emitter 

1 g = —10 mA, 

I C =-5A 

See Notes 6 and 7 

-2 

-2 

-2 

V 

Saturation Voltage 

lg = —40 mA, 

I C = -10A 

-3 

-3 

-3 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


5 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* | 

TYP 

UNIT 

t on Turn-On Time 

lC = —10 A, lg( i) = -40 mA, lg(2) = 40mA, 

v BE(off) = 4.2 V, R[_ = 3 SI, See Figure 1 

0.9 

MS 

toff Turn-Off Time 

11 


^Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 

PARAMETER MEASUREMENT information 




VOLTAGE WAVEFORMS 


NOTES: 


A. V gen is a 30-V pulse (from 0 V) into a 50-fi termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 1 5 ns, tf < 1 5 ns, Z out = 50 SI, t w = 20 jus, 
duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, Rj n >10 M£2, Cj n <11.5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing., 


FIGURE 1 
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TYPES TIP145, TIP146, TIP147 
P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


INDUCTIVE LOAD SWITCHING 



TEST CIRCUIT 



NOTE A: Input pulse width is increased until I OM = — 1-42 A. 

FIGURE 2 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 
vs 



- 0.4 - 0.7 -1 -2 -4 - 7-10 

I C-Col lector Current-A 

FIGURE 3 


BASE-EMITTER VOLTAGE 
vs 



- 75 - 50-25 0 25 50 75 100 125150 175 
Tq— C ase Temperature— °C 

FIGURE 4 


COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 



- 75 - 50-25 0 25 50 75 100 125 150 175 
Tc-Case Temperature- 0 C 


SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 


FREQUENCY 



f-Frequency-MHz 


FIGURE 5 


FIGURE 6 


5 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 
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TYPES TIP145, TIP146, TIP147 

P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 


MAXIMUM COLLECTOR CURRENT 

VS 



-10 -20 -40 -100 -200 -400 

VcE~ Collector-Emitter Voltage-V 
FIGURE 7 

NOTE 8: Above this point the safe operating area has not been defined. 


MAXIMUM COLLECTOR CURRENT 
vs 

UNCLAMPED INDUCTIVE LOAD 



L— Unclamped Inductive Load— mH 

FIGURE 8 


THERMAL INFORMATION 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



0 25 50 75 100 125 150 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



0 25 50 75 100 125 150 


Tc~ Case Temperature-°C 


Ta~ F ree-Air Temperature— °C 


FIGURE 9 


FIGURE 10 
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TYPES TIP501, TIP502 
N-P-N SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N3719, 2N3720 

• Max t 0 ff of 0.4 jus at lc = 1 A 

• 3-A Rated Continuous Collector Current 

• 6 Watts at 25° C Case Temperature 

• Min fj of 60 MHz at 10 V, 0.5 A 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


9^0 0.335 mA 
0.350 DIA 
DIA 
1 


0.100 MIN 
DETAILS OF OUTLINE IN 
THIS ZONE OPTIONAL 



ALL DIMENSIONS ARE 
IN INCHES 
UNLESS OTHERWISE 
SPECIFIED 



ALL JEDEC TO-39 DIMENSIONS AND NOTES ARE APPLICABLE 


5 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) 

Continuous Base Current 

Safe Operating Areas at (or below) 25°C Case Temperature 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 

Operating Collector Junction Temperature Range 

Storage Temperature Range 

Lead Temperature 1/16 Inch from Case for 10 Seconds 


TIP501 TIP502 

40 V 60 V 

40 V 60 V 

4 V 4 V 

3 A ► 

◄ 10 A ► 

* 0.5 A ► 

See Figures 3 and 4 
-6W ► 

* 1 w ► 

— 65°C to 200° C 
— 65°C to 200° C 

* 300° C ► 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.5 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 34.3 mW/°C or refer to Dissipation Derating Curve, Figure 5. 

4. Derate linearly to 200°C free-air temperature at the rate of 5.71 mW/°C or refer to Dissipation Derating Curve, Figure 6. 
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TYPES TIP501, TIP502 

N-P-N SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TIP501 

TIP502 

UNIT 

MIN MAX 

MIN MAX 

Collector-Emitter 
v (BR)CEO Breakdown voltage 

IC=20mA, l B = 0, See Note 5 

40 

60 

V 

Collector Cutoff 
' CEV Current 

VCE = 40 V, Vgg = — 2 V 

10 


AiA 

V CE = 60 V, V BE = —2 V 


10 

V CE = 40 V, V BE = -2 V, T C = 150°C 

1 


mA 

V C E = 60 V, V BE = -2 V, T C =150°C 


1 

Collector Cutoff 
' CB0 Current 

V CB = 40V, l E = 0 

10 


luA 

V CB = 60 V, l E = 0 


10 

Emitter Cutoff 
*EBO Current 

VEB = 4V f l C = 0 

1 

1 

mA 

Static Forward 

hpE Current Transfer 

Ratio 

V CE =1.5V, l C = 0.5 A 

See Notes 5 and 6 

20 

20 


V CE = 1-5V, Iq = 1 A 

25 180 

25 180 

V CE =1.5V, l C =1A, T C = —40° C 

15 

15 

V BE Base-Emitter Voltage 

l B = 100 mA, IC=1A, 

j c = — 40°C to 100°C 

See Notes 5 and 6 

1.5 

1.5 

V 

l B = 300 mA, IC = 3A, 

T C = —40° C to 100°C 

2.3 

2.3 

Collector-Emitter 
VcE(sat) Saturation Voltage 

l B = 100 mA, lc= 1 A, 

T C = -40°Cto 100°C 

See Notes 5 and 6 

0.75 

0.75 

V 

l B = 300 mA, lc = 3 A, 

T c = —40° C to 100°C 

1.5 

1.5 

Small-Signal 

■ , Common Emitter 

hf e 

1 Forward Current 

Transfer Ratio 

V CE =10V, Iq = 0.5 A, f = 30 MHz 

2 

2 


Common-Base 

Cobo Open-Circuit 

Output Capacitance 

Vcb= 10V, l E = 0, f= 100 kHz to 1 MHz 

120 

120 

PF 

Common-Base 

Cibo Open-Circuit 

Input Capacitance 

Veb = 0- 5 V, lc = 0, f = 100 kHz to 1 MHz 

1000 

1000 

pF 


NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* 

MAX 

UNIT 

t on Turn-On Time 

l C =1A, l B(1 ) = 0.1 A, V BE(of f) = -4V, 

Rl = 12 SI, See Figure 1 

0.1 

jUS 

toff Turn-Off Time 

l C =1A, 1 B ( 1 ) = 0.1 A, l B( 2) “ ~ 0.1 A, 

R 1 _ = 12 ft, See Figure 2 

0.4 


^Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
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TYPES TIP501, TIP502 
N-P-N SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 




TEST CIRCUIT 


FIGURE 1-TURN-ON TIME 


VOLTAGE WAVEFORMS 


5 


+12 V 



TEST CIRCUIT 



VOLTAGE WAVEFORMS 


FIGURE 2-TURN-OFF TIME 


NOTES: a. The input waveforms are supplied by a generator with the following characteristics: t r < 10 ns, tf < 10 ns, Z out = 50 fi, 
t w = 10 Ms, duty cycle < 2%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 5 ns, Rj n >10 k£2, Cj n < 1 1 .5 pF. 

c. Resistors must be noninductive types. 

d. The d-c power supplies may require additional bypassing in order to minimize ringing. 
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TYPES TIP501, TIP502 

N-P-N SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 



0 5 10 15 20 25 30 35 40 45 50 

VcE~ Collector-Emitter Voltage— V 

FIGURE 3 


TIP502 



FIGURE 4 


NOTE 7: Areas defined by dashed lines apply for nonrepetitive-pulse operation. The pulse may be repeated after the device has regained 
thermal equilibrium. 


THERMAL INFORMATION 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 


c 

o 

o 


I 

h- 

Q- 



0 25 50 75 100 125 150 175 200 



0 25 50 75 100 125 150 175 200 


Tq— C ase Temperature— °C 


Ta— F ree-Air Temperature— °C 


FIGURE 5 


FIGURE 6 
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TYPES TIP503 THRU TIP506 
N-P-N SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 


120 V and 150 V Min V(BR)CEO 
2-A Rated Continuous Collector Current 
20 Watts at 100°C Case Temperature 
Min fj of 70 MHz at 5 V, 0.25 A 


mechanical data 


TIP503 

TIP504 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



ALL JEDEC TO-66 DIMENSIONS AND NOTES ARE APPLICABLE 



TIP505 

TIP506 


ALL TERMINALS ARE INSULATED FROM THE CASE 




3-COLLECTOR 


ALL JEDEC TO-59 DIMENSIONS AND NOTES ARE APPLICABLE 

A. Within this dimension, case diameter may vary. 

B. Position of terminals with respect to hexagon is not controlled. 

C. The case temperature may be measured anywhere on the seating plane within 
0.125 inch of the stud. 

D. Alt dimensions are in inches unless otherwise specified. 
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absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TIP503 TIP504 
TIP505 TIP506 


Collector-Base Voltage 130 V 160 V 

Col lector- Emitter Voltage (See Note 1) 120 V 150 V 

Emitter-Base Voltage 6 V 6 V 

Continuous Collector Current -+ 2 A ► 

Peak Collector Current (See Note 2) 5 A ► 

Continuous Base Current 1 A ► 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) ■+ 20 W — ► 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) .... 2 W ► 

Operating Collector Junction Temperature Range -65°C to 200°C 

Storage Temperature Range — 65°C to 200° C 

Lead or Terminal Temperature 1/16 Inch from Case for 10 Seconds * — 300°C — ► 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 0.2 W/°C. 

4. Derate linearly to 200°C free-air temperature at the rate of 1 1 .4 mW/°C. 
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TYPES TIP503 THRU TIP506 
N-P-N SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 






TIP503 

TIP504 



PARAMETER 


TEST CONDITIONS 

TIP505 

TIP506 

UNIT 





MIN 

MAX 

MIN 

MAX 


| V(BR)CEO Collector-Emitter Breakdown Voltage 

Iq = 30 mA, 

lg = 0, See Note 5 

120 

150 

V 

'CEO 

Collector Cutoff Current 

V C E = 60 V, 

03 

ii 

o 

50 


M A 

VqE = 75 V, 

i B = o 


50 



VcE = 120 V 

o 

ii 

LU 

CO 

> 

400 



'CES 

Collector Cutoff Current 

VcE = 150 V 

o 

LU 

CO 

> 


400 

ma 

V C E = 60 V, 

V BE = 0, T C =150°C 

500 




V C E = 75 V, 

V BE = 0, T C =150°C 


500 


'EBO 

Emitter Cutoff Current 

VEB “ 3 V, 

O 

ii 

o 

20 

20 

m a 

V EB = 6V, 

o 

II 

o 

200 

200 

h FE 

Static Forward Current Transfer Ratio 

V C E = 4 V, 

lc = 1 A, See Notes 5 and 6 

40 

200 

40 

200 


V C E = 4V, 

|0=2A, See Notes 5 and 6 

20 

20 


V BE 

Base-Emitter Voltage 

V C E = 4 V, 

Iq = 2 A, See Notes 5 and 6 

1.4 

1.4 

V 

v CE(sat) 

Collector-Emitter Saturation Voltage 

l B = 0.1 A, 

lc = 1 A, See Notes 5 and 6 

0.6 

0.6 

\J 

l B = 0.2A, 

IC = 2A, See Notes 5 and 6 

1.2 

1.2 

. 

h fe 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V C E = 5 V, 

l C = 250 mA, f = 1 kHz 

40 

40 


hfel 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V C E = 5 V, 

l C = 250 mA, f = 10 MHz 

7 

7 



NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 /is, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


thermal characteristics 


PARAMETER 

MAX 

UNIT 

R#JC Junction-to-Case Thermal Resistance 

5 

°C/W 

R#jA Junction-to-Free-Air Thermal Resistance 

87.5 
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TYPES TIP507, TIP508 
P-N-P SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 


150 V Min V(BR)CEO 

2-A Rated Continuous Collector Current 

20 Watts at 100°C Case Temperature (TIP507) 

4 Watts at 100°C Case Temperature (TIP508) 

Min fj of 50 MHz at 5 V, 0.2 A 


mechanical data 



absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

TIP507 TIP508 


Collector-Base Voltage * 150 V — ► 

Collector-Emitter Voltage (See Note 1) 150 V — ► 

Emitter-Base Voltage 5 V ► 

Continuous Collector Current •+ 2 A ► 

Peak Collector Current (See Note 2) 3 A ► 

Continuous Base Current -+ 0.6 A ► 

Safe Operating Area at (or below) 100°C Case Temperature See Figure 1 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) 20 W 4W 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) .... 2 W 1 W 

Operating Collector Junction Temperature Range —65 C to 200 C 

Storage Temperature Range — 65° C to 200°C 

Lead or Terminal Temperature 1/16 Inch from Case for 10 Seconds 300 C — *■ 

NOTES: 1 . This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 


3. Derate linearly to 200°C case temperature at the rate of 200 mW/°C for TIP507 and 40 mW/° C for TIP508. 

4. Derate linearly to 200° C free-air temperature at the rate of 1 1.4 mW/°C for TIP507 and 5.7 mW/ C for TIP508. 
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TYPES TIP507, TIP508 

P-N-P SILICON POWER TRANSISTORS 


electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

V(BR)CEO Collector-Emitter Breakdown Voltage 

Iq = —30 mA, 

'b = o. 

See Note 5 

-150 

V 

'CEO 

Collector Cutoff Current 

Vce = -75 V, 

i b = o 


-200 

mA 

'CES 

Collector Cutoff Current 

Vqe = “150 V, 

V BE = 0 


-1 


Vce = -75 v. 

v B e = o. 

T C = 150°C 

-2 


lEBO 

Emitter Cutoff Current 

V EB = —2.5 V, 

'c = o 


-100 

mA 

V EB =-5 V, 

'c = o 


-1 

mA 

h FE 

Static Forward Current Transfer Ratio 

v CE = -4 v. 

l C = -1 A, 

See Notes 5 and 6 

30 

120 


v CE = -4 v. 

l C = -2A, 

See Notes 5 and 6 

10 


v B e 

Base-Emitter Voltage 

v C E = -4 v. 

'C = -2A, 

See Notes 5 and 6 

-1.5 

V 

Vce (sat) 

Collector-Emitter Saturation Voltage 

'b = -o i a. 

'C = -1 A, 

See Notes 5 and 6 

-1 


1 b = —0.4 A, 

'C = -2A, 

See Notes 5 and 6 

-1.5 

V 

hfe 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

Vce = ~ 5 v. 

l C = -0.2 A, 

f = 1 kHz 

30 


l h fe| 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

v C E = —5 v. 

l C = -0.2 A, 

f = 5 MHz 

10 



5 


NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 Ms, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


thermal characteristics 


PARAMETER 

TIP507 

TIP508 

UNIT 

MAX 

MAX 

R 0JC 

Junction-to-Case Thermal Resistance 

5 

25 

°C/W 

R 0JA 

Junction-to-Free-Air Thermal Resistance 

87.5 

175 


MAXIMUM SAFE OPERATING AREA 



-1 -4 -10 -40 -100 -1000 


Vce— C ollector-Emitter Voltage— V 

FIGURE 1 
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TYPES TIP509 THRU TIP512 
N-P-N SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 

• 120 V and 150 V Min V(BR)CEO 

• 4-A Rated Continuous Collector Current 

• 30 Watts at 100°C Case Temperature 

• Min fj of 70 MHz at 5 V, 0.5 A 


00 H 
C< 
I- TJ 


2 -o 

_ (J1 
Z O 
O to 

c do 

«c 


mechanical data 


TIP509 

TIP510 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 
ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 




TIP511 

TIP512 


ALL TERMINALS ARE ELECTRICALLY INSULATED FROM THE CASE 



ALL DIMENSIONS ARE IN INCHES 






O 


00 

m 

DO 


ID 

>4 


5 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TIP509 TIP510 
TIP511 TIP512 


Collector-Base Voltage 130 V 160 V 

Col lector- Emitter Voltage (See Note 1) 120 V 150 V 

Emitter-Base Voltage 6V 6V 

Continuous Collector Current * 4 A *> 

Peak Collector Current (See Note 2) * 8 A ► 

Continuous Base Current 4—2 A ► 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) 4 130 W ► 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) . . . . •+ 1 4 W ► 

Operating Collector Junction Temperature Range — 65° C to 200°C 

Storage Temperature Range — 65°C to 200° C 

Terminal Temperature 1/16 Inch from Case for 10 Seconds < 300° t — ► 


NOTES: 1 . These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 0.3 W/°C. 

4. Derate linearly to 200°C free-air temperature at the rate of 22.8 mW/°C. 
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TYPES TIP509 THRU TIP512 
N-P-N SILICON POWER TRANSISTORS 


electrical characteristics at 25° C case temperature (unless otherwise noted) 







TIP509 

TIP510 



PARAMETER 


TEST CONDITIONS 

TIP511 

TIP512 

UNIT 






MIN 

MAX 

MIN 

MAX 


V(br)CEO Co 1 lector- Emitter Breakdown Voltage 

Iq = 30 mA, 

<B = 0. 

See Note 5 

120 

150 

V 

*CEO Collector Cutoff Current 

V CE = 60 V, 

I B = o 


0.5 


, 

V C E = 75 V, 

i B = o 



0.5 




V CE = 120 V, V BE = 0 

1 



•CES 

Collector Cutoff Current 

V CE = 150 V, V BE = 0 


1 

mA 

V CE = 60 V, 

VbE = 0, 

T C = 150°C 

1 




V C E = 75 V, 

Vbe = 0, 

T C = 150°C 


1 


*EBO 

Emitter Cutoff Current 

V EB = 3V, 

o 

II 

o 


50 

50 

n A 

V EB ~ 6 V, 

o 

o 


500 

500 


hpE 

Static Forward Current Transfer Ratio 

V C E = 4 V, 

l C = 2 A, 

See Notes 5 and 6 

40 

200 

40 

200 


V C E = 4 V, 

IC = 4A, 

See Notes 5 and 6 

25 

25 


V BE 

Base-Emitter Voltage 

Vqe = 4 V, 

IC = 4A, 

See Notes 5 and 6 

1.4 

1.4 

V 

v CE(sat) 

Collector-Emitter Saturation Voltage 

IB = 0.2 A, 

l C =2A, 

See Notes 5 and 6 

0.6 

0.6 

y 

l B = 0.4 A, 

Ic=4A, 

See Notes 5 and 6 

1.5 

1.5 


hfe 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V C E = 5 V, 

l C = 0.5 A, 

f = 1 kHz 

40 

40 


hfe 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V CE = 5 V, 

IC= 0.5 A, 

f = 10 MHz 

7 

? 

7 



NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 ns, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


thermal characteristics 


PARAMETER 

MAX 

UNIT 

RflJC Junction- to-Case Thermal Resistance 

3.33 

°c/w 

RflJA Junction-to-Free-Air Thermal Resistance 

43.75 
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TYPES TIP513, TIP514 
P-N-P SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 

• 150 V Min V(BR)CEO 

• 5-A Rated Continuous Collector Current 

• 30 Watts at 100°C Case Temperature (TIP513) 

• 20 Watts at 100°C Case Temperature (TIP514) 

• Min fj of 40 MHz at 5 V, 0.5 A 



DO 

C 


z 

z 

o 


o 

r 

co 

■vj 


cn 

cn 


DO 

m 

JJ 



absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TIP513 TIP514 

Collector-Base Voltage 150 V ► 

Co I lector- Emitter Voltage (See Note 1) * 150 V ► 

Emitter-Base Voltage •* — —5 V ► 

Continuous Collector Current + 5 A ► 


Peak Collector Current (See Note 2) * 7.5 A — ► 

Continuous Base Current + 2 A ► 

Safe Operating Area at (or below) 100°C Case Temperature See Figure 1 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) 30 W 20 W 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) . . . . 2 W 2 W 

Operating Collector Junction Temperature Range — 65°C to 200° C 

Storage Temperature Range -65°C to 200°C 

Lead or Terminal Temperature 1/16 Inch from Case for 10 Seconds * — 300°C — ► 


NOTES: 1 . This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 0.3 W/°C for TIP513 and 0.2 W/°C for TIP514. 

4. Derate linearly to 200°C free-air temperature at the rate of 1 1 .4 mW/°C. 
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TYPES TIP513, TIP514 

P-N-P SILICON POWER TRANSISTORS 


electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN MAX 

UNIT 

V(BR)CEO Collector-Emitter Breakdown Voltage 

Iq=— 30 mA, is = 0, See Note 5 

-150 

V 

•CEO Collector Cutoff Current 

V C E = -75 V, Ib = ° 

-300 

juA 

ICES Collector Cutoff Current 

v C e = -150 V, v BE = o 

-1 

mA 

Vce = -75 V, V BE = 0, T C = 1 50° c 

-2 

lEBO Emitter Cutoff Current 

V EB = —2.5 V, l c = 0 

-100 

juA 

V E B = -5V, l C = 0 

-1 

mA 

hpE Static Forward Current Transfer Ratio 

Vce = — 4 V, 1 c = — 2.5 A, See Notes 5 and 6 

30 150 


Vce = ~ 4 V, lc = —5 A, See Notes 5 and 6 

15 

V BE Base-Emitter Voltage 

Vce = -4 v, lc = — 5 A, See Notes 5 and 6 

-2.2 

V 

VcE(sat) Collector-Emitter Saturation Voltage 

l B = — Q.25 A, 1 c “ — 2.5 A, See Notes 5 and 6 

-1 

V 

l B = — 0.5 A, 1 c = — 5 A, See Notes 5 and 6 

-2 

Small-Signal Common-Emitter 
hf e 

Forward Current Transfer Ratio 

V CE = -5V, l C = -0.5A, f = 1 kHz 

30 


■ , Small-Signal Common-Emitter 

e Forward Current Transfer Ratio 

V C e = -5V, l c = —0.5 A, f = 5 MHz 

8 



NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


thermal characteristics 


PARAMETER 

TIP513 

TIP514 

UNIT 

MAX 

MAX 

R 0JC 

Junction- to-Case Thermal Resistance 

3.33 

5 

°c/w 

r 6>JA 

Junction-to-Free-Air Thermal Resistance 

87.5 

87.5 


MAXIMUM SAFE OPERATING AREA 

MAXIMUM COLLECTOR CURRENT 

vs 



-1 -4 -10 -40 -100 -1000 

Vce— 1 Collector-Emitter Voltage— V 

FIGURE T 
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TYPES TIP515 THRU TIP518 
N-P-N SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 


• 120 V and 150 V Min V(BR)CEO 

• 12-A Rated Continuous Collector Current 

• 80 Watts at 100°C Case Temperature 

• Min fj of 70 MHz at 5 V f 1 A 


mechanical data 


TIP515 

TIP516 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 
ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 



TIP517 

TIP518 


ALL DIMENSIONS ARE IN INCHES 

ALL TERMINALS ARE ELECTRICALLY INSULATED FROM THE CASE 




ALL DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) 

Continuous Base Current 

Continuous Device Dissipation at (or below) 100°C Case Temperature 

(See Note 3) 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature 

(See Note 4) 

Operating Collector Junction Temperature Range 

Storage Temperature Range 

Terminal Temperature 1/16 Inch from Case for 10 Seconds 


TIP515 TIP516 TIP517 TIP518 

130 V 160 V 130 V 160 V 
120 V 150 V 120 V 150 V 
6 V 6 V 6 V 6 V 

* 12 A ► 

25 A ► 

6 A ► 


80 W 

80 W 

80 W 

80 W 

4 W 

4 W 

3.5 W 

3.5 W 


— 65°C to 200°C 
— 65°C to 200° C 


300° C 


5 


NOTES: 1 . These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 0.8 W/°C. 

4. Derate linearly to 200°C free-air temperature at the rate of 22.8 mW/°C for TIP515 and TIP516, 20 mW/°C for T1P517 and 
TIP518. 
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TYPES TIP515 THRU TIP518 

N-P-N SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 







TIP515 

TIP516 



PARAMETER 

TEST CONDITIONS 

TIP517 

TIP518 

UNIT 






MIN 

MAX 

MIN 

MAX 


| V(bR)CEO Collector-Emitter Breakdown Voltage 

Iq = 30 mA, 

‘b = 0# 

See Note 5 

120 

150 

V 

‘CEO 

Collector Cutoff Current 

V CE = 60 V, 

o 

n 

CD 


1 


mA 

VcE = 75 V, 

lB = o 



1 



V CE = 120 V, 

v B e = o 


5 



•CES 

Collector Cutoff Current 

VcE = 150 V, 

v B e = o 



5 

mA 

V CE - 60 V, 

Vbe = 0, 

T C = 150°C 

5 




V C E = 75 V, 

< 

00 

m 

o 

T C = 150°C 


5 


•ebo 

Emitter Cutoff Current 

V E b = 3 V, 

O 

o 


0.2 

0.2 

mA 

V E b = 6 V, 

O 

o 


2 

2 

hFE 

Static Forward Current Transfer Ratio 

V C E = 4 V, 

IC=6A, 

See Notes 5 and 6 

40 

200 

40 

200 


V C E = 4 V, 

IC= 12 A, 

See Notes 5 and 6 

30 

30 


V BE 

Base-Emitter Voltage 

V C E = 4V, 

I C = 12 A, 

See Notes 5 and 6 

1.4 

1.4 

V 

v CE(sat) 

Collector-Emitter Saturation Voltage 

l B ” 0.6 A, 

IC = 6A, 

See Notes 5 and 6 

0.8 

0.8 

y 

l B = 1.2 A, 

‘C = 12 A, 

See Notes 5 and 6 

1.5 

1.5 


hfe 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V C E = 5 V, 

IC=1 A, 

f = 1 kHz 

40 

40 


bfel 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V C E = 5V, 

o 

II 

> 

f = 10MHz 

7 

7 



NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 ns, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


thermal characteristics 



parameter 

TIP515 

TIP516 

TIP517 

TIP518 

UNIT 



MAX 

MAX 


R 0JC 

Junction-to-Case Thermal Resistance 

1.25 

1.25 

°C/W 

R 0JA 

Junction-to-Free-Air Thermal Resistance 

43.75 

50 


PRINTED IN U.S.A. 

5-404 Texas Instruments 

INCORPORATED 

• DALLAS, TEXAS 75222 


1271 


POST OFFICE BOX 5012 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 




TYPES TIP519, TIP520 
P-N-P SILICON POWER TRANSISTORS 


■ FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 

I • 150 V Min V(BR)CEO 

1 • 8-A Rated Continuous Collector Current 

• 50 Watts at 100°C Case Temperature 

• Min fj of 40 MHz at 5 V, 1 A 

mechanical data 


TIP519 ALL JEDECTO-3 DIMENSIONS AND NOTES ARE APPLICABLE 

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


TIP520 




ALL TERMINALS ARE ELECTRICALLY INSULATED FROM THE CASE 



ALL DIMENSIONS ARE IN INCHES 



00 

C 


H 

5 

z 

o 

o 


5 


absolute maximum ratings at 25° C case temperature (unless otherwise noted) 

TIP519 TIP520 


Collector-Base Voltage ■+ 150 V ► 

Co I lector- Emitter Voltage (See Note 1) ◄ 150 V — ► 

Emitter-Base Voltage ◄ 5 V ► 

Continuous Collector Current ◄ 8 A ► 

Peak Collector Current (See Note 2) ◄ 12 A ► 

Continuous Base Current 3 A ► 

Safe Operating Area at (or below) 100°C Case Temperature See Figure 1 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) ◄ 50 W ► 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) .... 4W 3.5 W 

Operating Collector Junction Temperature Range — 65°C to 200° C 

Storage Temperature Range — 65°C to 200°C 

Terminal Temperature 1/16 Inch from Case for 10 Seconds ** 300°C ► 

NOTES: 1 . This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 0.5 W/°C. 


4. Derate linearly to 200°C free-air temperature at the rate of 22.8 mW/°C for TIP519 and 20 mW/°C for TIP520. 
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TYPES TIP519, TIP520 

P-N-P SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

O 

ID 

O 

tr 

QQ 

> 

Collector-Emitter Breakdown Voltage 

Iq = —30 mA, 

'b = 

See Note 5 

-150 

V 

'CEO 

Collector Cutoff Current 

VcE = -75 V, 

l B = o 


-500 

juA 

'CES 

Collector Cutoff Current 

V CE = -150 V, 

v B e = o 


-1 


VcE = “75 V, 

v B e = 0, 

Tc= 150°C 

-3 


'EBO 

Emitter Cutoff Current 

VEB = —2.5 V, 

Ic-o 


-100 

juA 

V EB = -5 V, 

I C =0 


-1 

mA 

h FE 

Static Forward Current Transfer Ratio 

V C E = -4 V, 

'C = —4 A, 

See Notes 5 and 6 

30 

150 


V C E = -4 V, 

l C = -8A, 

See Notes 5 and 6 

10 


V BE 

Base- Emitter Voltage 

V C E = -4 V, 

l C = -8A, 

See Notes 5 and 6 

-2 

V 

v CE(sat) 

Col lector- Emitter Saturation Voltage 

l B = -0.4 A, 

'C = -4 A, 

See Notes 5 and 6 

-1 

V 

l B =-1.6A, 

IC = -8A, 

See Notes 5 and 6 

-2.2 

hfe 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V C E = -5 V, 

l C = 1 A, 

f = 1 kHz 

30 


l h fe| 

Small-Signal Common-Emitter 

Forward Current T ransfer Ratio 

V CE = -5 V, 

l C = — 1 A, 

f = 5 MHz 

8 




NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


thermal characteristics 


PARAMETER 

TIP519 

TIP520 

UNIT 

MAX 

MAX 

R 0JC 

Junction-to-Case Thermal Resistance 

2 

2 

°c/w 

R 0JA 

Junction-to-Free-Air Thermal Resistance 

43.8 

50 


MAXIMUM SAFE OPERATING AREA 



-1 -4 -10 -40 -100 -1000 

VcE~ 1 Collector-Emitter Voltage 

FIGURE 1 
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TYPES TIP521, TIP522 
-N-P SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 

• 200VMin V(BR)CEO 

• 2-A Rated Continuous Collector Current 

• 20 Watts at 100°C Case Temperature (TIP521) 

• 4 Watts at 100°C Case Temperature (TIP522) 

• Min fj of 50 MHz at 5 V, 0.2 A 


mechanical data 



absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

TIP521 TIP522 

Collector-Base Voltage 200 V — ► 

Collector-Emitter Voltage (See Note 1) «• 200 V — ► 

Emitter-Base Voltage * 5 v ► 

Continuous Collector Current ◄ 2 A ► 

Peak Collector Current (See Note 2) ◄ 3 A ► 

Continuous Base Current * 0.6 A — ► 

Safe Operating Area at (or below) 100°C Case Temperature See Figure 1 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) 20 W 4 W 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) .... 2W 1 W 

Operating Collector Junction Temperature Range — 65° C to 200°C 

Storage Temperature Range — 65°C to 200° C 

Lead or Terminal Temperature 1/16 Inch from Case for 10 Seconds *+ 300°C ► 

NOTES: 1 . This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 


3. Derate linearly to 200°C case temperature at the rate of 200 mW/°C for TIP521 and 40 mW/°C for TIP522. 

4. Derate linearly to 200°C free-air temperature at the rate of 1 1.4 mW/°C for TIP521 and 5.7 mW/°C for TIP522. 
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TYPES TIP521, TIP522 

P-N-P SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN MAX 

UNIT 

V(br)cE 0 Collector-Emitter Breakdown Voltage 

Iq = — 30 mA, lg = 0, See Note 5 

-200 

V 

■ CEO Collector Cutoff Current 

V C E = -100V, lg = 0 

-200 

juA 

ICES Collector Cutoff Current 

VCE ~ — 200 V, Vg E = 0 

-1 

mA 

V C E = —100 V, Vg E = 0, T C =150°C 

-2 

1 £ BO E m itter Cu toff Cu rrent 

V E b = -2.5V, l C = 0 

-100 

juA 

V EB = -5V, l C = 0 

-1 

mA 

hp £ Static F orward Cu rrent T ransf er R atio 

Vce = —4 V, lc - —1 A, See Notes 5 and 6 

20 100 


Vqe = ”4 V, Iq = —2 A, See Notes 5 and 6 

5 

Vgp Base-Emitter Voltage 

Vce = — 4 V, Iq = — 2 A, See Notes 5 and 6 

-2.2 

V 

VcE(sat) Collector-Emitter Saturation Voltage 

lg = — 0.1 A, \ q ~— 1 A, See Notes 5 and 6 

-1.5 

V 

1 g = -0.5 A, lc = -2 A, See Notes 5 and 6 

-2.5 

Small-Signal Common-Emitter 

hfe 

Forward Current Transfer Ratio 

V CE = -5V, l C =-0.2A, f = 1 kHz 

20 


■ - Small-Signal Common-Emitter 

hfo 

Forward Current Transfer Ratio 

V C E = -5V, l C = -0.2A, f = 5 MHz 

10 



5 


NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


thermal characteristics 


PARAMETER 

TIP521 

TIP522 

UNIT 

MAX 

MAX 

R 0JC 

Junction-to-Case Thermal Resistance 

5 

25 

°C/W 

r 0JA 

Junction-to-Free-Air Thermal Resistance 

87.5 

175 


MAXIMUM SAFE OPERATING AREA 


MAXIMUM COLLECTOR CURRENT 



-1 —4 -10 -40 -100 -400-1000 

VCE - 1 Collector-Emitter Voltage— V 

FIGURE 1 
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TYPES TIP523, TIP524 
P-N-P SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 

• 200 V Min V(BR)CEO 

• 5-A Rated Continuous Collector Current 

• 30 Watts at 100°C Case Temperature (TIP523) 

• 6 Watts at 100°C Case Temperature (TIP524) 

• Min fj of 40 MHz at 5 V, 0.5 A 



absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TIP523 TIP524 


Collector-Base Voltage 4 200 V — ► 

Co I lector- Emitter Voltage (See Note 1) 4 200 V — ► 

Emitter-Base Voltage 4 — —5 V — +> 

Continuous Collector Current 4 5 A — ► 

Peak Collector Current (See Note 2) 4 7.5 A — ► 

Continuous Base Current 4 2 A ► 

Safe Operating Area at (or below) 100°C Case Temperature See Figure 1 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) 30 W 6 W 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) .... 2W 1 W 

Operating Collector Junction Temperature Range — 65° C to 200°C 

Storage Temperature Range — 65° C to 200°C 

Lead or Terminal Temperature 1/16 Inch from Case for 10 Seconds — 300°C — ► 


NOTES: 1 . This value applies when the base-emitter diode is. open-circuited. 

2. This value applies for tw < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200° C case temperature at the rate of 0.3 mW/°C for TIP523 and 60 mW/°C for TIP524. 

4. Derate linearly to 200°C free-air temperature at the rate of 1 1.4 mW/°C for TIP523 and 5.7 mW/° C for TIP524. 
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TYPES TIP523. TIP524 

P-N-P SILICON POWER TRANSISTORS 


electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

V(bR)CEO Collector-Emitter Breakdown Voltage 

Iq = —30 mA, 

l B = 0, See Note 5 

-200 

V 

»CEO 

Collector Cutoff Current 

V C E = -100 V, 

l B = 0 

-300 

juA 

ICES c° 1 lector Cu toff Cu rrent 

V CE = -200 V, 

o 

LU 

CD 

> 


mA 

v CE = -ioo V, 

V BE = 0, T C =150°C 

-2 

'EBO 

Emitter Cutoff Current 

V EB = -2.5V, 

i c = o 

-100 

juA 

V EB = -5 V, 

l C = 0 

-1 

mA 

h F E 

Static Forward Current Transfer Ratio 

Vq E = —4 V, 

1 C = — 2.5 A, See Notes 5 and 6 

20 

100 


V C E = -4 V, 

1 c = — 5 A, See Notes 5 and 6 

5 


v B e 

Base-Emitter Voltage 

V C E = -4 V, 

lc = — 5A, See Notes 5 and 6 

-2.2 

V 

v CE(sat) 

Collector-Emitter Saturation Voltage 

l B = —0.25 A, 

Iq = — 2.5 A, See Notes 5 and 6 

-1.5 

y 

l B = —1.25 A, 

lc = — 5A, See Notes 5 and 6 

-2.5 


h fe 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V CE = -5 V, 

l c = -0.5A, f = 1 kHz 

20 


hfel 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V CE = -5 V, 

|q = —0.5 A, f = 5 MHz 

8 



NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


thermal characteristics 


PARAMETER 

TIP523 

TIP524 

UNIT 

MAX 

MAX 

R 0 jc 

Junction-to-Case Thermal Resistance 

3.33 

16.7 

°c/w 

R 0JA 

Junction-to-Free-Air Thermal Resistance 

87.5 

175 


MAXIMUM SAFE OPERATING AREA 


MAXIMUM COLLECTOR CURRENT 


vs 



-1 —4 -10 -40 -100 -1000 

VcE“Collector-Emitter Voltage— V 

FIGURE 1 
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TYPES TIP525, TIP526 
N-P-N SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
200 VMin V(BR)CEO 

5-A Rated Continuous Collector Current 
60 Watts at 100°C Case Temperature 
Min fj of 40 MHz at 5 V, 0.5 A 


mechanical data 


TIP525 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 
ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 



ALL DIMENSIONS ARE IN INCHES 


TIP526 


ALL TERMINALS ARE ELECTRICALLY INSULATED FROM THE CASE 


0090 MAX— H 



1. o-iso 

1 00,0 0.077 nlA 

1 oss m y 


1 d* 

r~L 


' 0.5 

=== ^$3- D,A 

70 0 687 
A 0 610 
DIA 

, 1 

4— 0270 

MAX 

0.460 

0 325 

0.87 
0 641 

5 * 

1 EMITTER 

2 BASE 

3 COLLECTOR 



ALL JEDEC TO-61 DIMENSIONS 

0.213 

0l70 AND NOTES ARE APPLICABLE 


CASE TEMPERATURE MEASURE- 
MENT POINT IS UNDERSIDE OF 
FLAT SURFACE WITHIN 0.125” 
FROM STUD 


ALL DIMENSIONS ARE IN INCHES 
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absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

TIP525 TIP526 


Collector-Base Voltage ◄ — 250 V ► 

Collector-Emitter Voltage (See Note 1) 200 V ► 

Emitter-Base Voltage 6 V ► 

Continuous Collector Current * 5 A ► 

Peak Collector Current (See Note 2) 10 A ► 

Continuous Base Current 2 A ► 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) ** 60 W ► 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) .... 4W 3.5 W 

Operating Collector Junction Temperature Range — 65°C to 200°C 

Storage Temperature Range — 65°C to 200°C 

Terminal Temperature 1/16 Inch from Case for 10 Seconds . ** 300°C ► 


NOTES: 1 . This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 0.6 W/°C. 

4. Derate linearly to 200°C free-air temperature at the rate of 22.8 mW/°C for TIP525 and 20 mW/°C for TIP526. 
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TYPES TIP525, TIP526 

N-P-N SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

V(br)CEO Collector-Emitter Breakdown Voltage 

Iq = 30 mA, 

'B = °' 

See Note 5 

200 

V 

'CEO 

Collector Cutoff Current 

V CE = 100 V, 

Ib = o 


500 

mA 

'CES 

Collector Cutoff Current 

V CE = 250 V, 

V B e = 0 


1 

mA 

V CE = 125 V, 

< 

CD 

m 

o 

T C = 150°C 

2 

l EB 0 Emitter Cutoff Current 

V EB = 5 V, 

i c = o 


100 

m a 

V EB = 6V, 

i c = o 


1 

mA 

h F E 

Static Forward Current Transfer Ratio 

VqE “ 4 V, 

l C = 2.5 A, 

See Notes 5 and 6 

30 

150 


V C E = 4 V, 

IC = 5A, 

See Notes 5 and 6 

20 


V BE 

Base-Emitter Voltage 

V C E = 4 V, 

IC = 5A, 

See Notes 5 and 6 

1.5 

V 

v CE(sat) 

Collector-Emitter Saturation Voltage 

l B = 0.25 A, 

'C=2.5A, 

See Notes 5 and 6 

1.2 

V 

l B = 0.5A, 

Iq - 5 A, 

See Notes 5 and 6 

2 

h fe 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V C E = 5V, 

l C = 0.5 A, 

f = 1 kHz 

30 


l h fe| 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V C E = 5V, 

l C = 0.5 A, 

f = 5 MHz 

8 



NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 /us, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


thermal characteristics 



PARAMETER 

TIP525 

TIP526 

UNIT 


MAX 

MAX 



R 0JC 

Junction-to-Case Thermal Resistance 

1.67 

1.67 

°c/w 

R 0JA 

Junction-to-Free-Air Thermal Resistance 

43.8 

50 
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TYPES TIP527, TIP528 
P-N-P SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 

• 200 V Min V(BR)CEO 

• 8-A Rated Continuous Collector Current 

• 60 Watts at 100°C Case Temperature 

• Min fj of 40 MHz at 5 V, 1 A 


mechanical data 


TIP527 ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 

THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 




ALL DIMENSIONS ARE IN INCHES 


TIP528 ALL TERMINALS ARE ELECTRICALLY INSULATED FROM THE CASE 




absolute maximum ratings at 25° C case temperature (unless otherwise noted) 


Co I lector- Base Voltage 

Co I lector- Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) 

Continuous Base Current 

Safe Operating Area at (or below) 100°C Case Temperature 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 

Operating Collector Junction Temperature Range 

Storage Temperature Range 

Terminal Temperature 1/16 Inch from Case for 10 Seconds 


TIP527 TIP528 
200 V ► 

* 200 V ► 

5 V ► 

◄ 8 A ► 

◄ 12 A ► 

2 A ► 

See Figure 1 

60 W 

4 W 3.5 W 
— 65°C to 200° C 
— 65°C to 200° C 

* 300° C ► 


NOTES: 1 . This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200° C case temperature at the rate of 0.6 W/°C. 

4. Derate linearly to 200°C free-air temperature at the rate of 22.8 mW/°C for TIP527 and 20 mW/°C for TIP528. 
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TYPES TIP527, TIP528 

P-N-P SILICON POWER TRANSISTORS 


electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

V(br)CEO Collector-Emitter Breakdown Voltage 

lc = —30 mA, 

l B = 0, 

See Note 5 

-200 

V 

'CEO 

Collector Cutoff Current 

VcE = -100 V, 

Ib = o 


-500 

juA 

'ces 

Collector Cutoff Current 

VcE = -200 V, 

o 

n 

UJ 

CD 

> 


-1 

mA 

V C E = -100 V, 

Vbe = 0, 

T C = 150°C 

-3 

'ebo 

Emitter Cutoff Current 

V EB = —2.5 V, 

o 

II 

o 


-100 

juA 

V EB = -5V, 

I C = 0 


-1 

mA 

h F E 

Static Forward Current Transfer Ratio 

V C E = -4 V, 

l C = -4A, 

See Notes 5 and 6 

20 

100 


V CE = "4 V, 

l C = -8A, 

See Notes 5 and 6 

5 


V BE 

Base-Emitter Voltage 

V C e = -4 V, 

o 

II 

1 

CO 

> 

See Notes 5 and 6 

-2.2 

V 

v CE(sat) 

Collector-Emitter Saturation Voltage 

l B = —0.4 A, 

'C = —4 A, 

See Notes 5 and 6 

-1.5 

v 

1 B = —2 A, 

< 

00 

1 

_o 

See Notes 5 and 6 

-2.5 


hfe 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V C E = “5 V, 

'C=-1 A, 

f = 1 kHz 

20 


l h fe| 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V C E = -5 V, 

'C = -'l A, 

f = 5 MHz 

8 



NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


thermal characteristics 


PARAMETER 

TIP527 

TIP528 

UNIT 

MAX 

MAX 

R 0JC 

Junction-to-Case Thermal Resistance 

1.67 

1.67 

°C/W 

R 0JA 

Junction-to-Free-Air Thermal Resistance 

43.8 

50 


MAXIMUM SAFE OPERATING AREA 


MAXIMUM COLLECTOR CURRENT 


vs 



-1 -4 -10 -40 -100 -1000 

VCE — 1 Collector-Emitter Voltage 

FIGURE 1 
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TYPES TIP529, TIP530 
N-P-N SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 

• 300 V Min V(BR)CEO 

• 3-A Rated Continuous Collector Current 

• 67 Watts at 100°C Case Temperature (TIP529) 

• 20 Watts at 1 00° C Case T emperature (T I P530) 

• Min fj of 20 MHz at 5 V, 0.5 A 


mechanical data 


TIP529 


ALL TERMINALS ARE ELECTRICALLY INSULATED FROM THE CASE 




TIP530 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



ALL DIMENSIONS ARE IN INCHES 

ALL JEDEC TO-66 DIMENSIONS AND NOTES ARE APPLICABLE 



5 


absolute maximum ratings at 25° C case temperature (unless otherwise noted) 

TIP529 TIP530 


Collector-Base Voltage ** 400 V— ► 

Collector-Emitter Voltage (See Note 1) + — 300 V ► 

Emitter-Base Voltage 6 V ► 

Continuous Collector Current 3 A ► 

Peak Collector Current (See Note 2) 10 A 

Continuous Base Current * 1 .5 A ► 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) .... 67 W 20 W 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) ... 4W 2W 

Operating Collector Junction Temperature Range — 65° C to 200°C 

Storage Temperature Range — 65°C to 200°C 

Lead or Terminal Temperature 1/16 Inch from Case for 10 Seconds “+ 300°C ► 

NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 


3. Derate linearly to 200° C case temperature at the rate of 0.67 W/°C for TIP529 and 0.2 W/°C for TIP530. 

4. Derate linearly to 200°C free-air temperature at the rate of 22.8 mW/°C for TIP529 and 1 1 .4 mW/°C for TIP530. 


271 


Texas Instruments 

INCORPORATED 


5-415 


POST OFFICE BOX 5012 


DALLAS, TEXAS 75222 


TYPES TIP529, TIP530 

BULLETIN NO. DL-S 71 11602, DECEMBER 1971 




TYPES TIP529, TIP530 

N-P-N SILICON POWER TRANSISTORS 


5416 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

V(br)CEO Collector-Emitter Breakdown Voltage 

Iq = 30 mA, 

'b = 

See Note 5 

300 

V 

'CEO 

Collector Cutoff Current 

V CE = 150 V, 

I B = 0 


100 

juA 

ICES Collector Cutoff Current 

V CE = 400 V, 

o 

ii 

LU 

CD 

> 


100 

juA 

V ce = 200V, V BE = 0, 

T C = 150°C 

1 

mA 

'EBO 

Emitter Cutoff Current 

V EB = 5V, 

O 

II 

o 


100 

HA 

V EB = 6 V, 

o 

o 


1 

mA 

hpE 

Static Forward Current Transfer Ratio 

V C E = 4 V, 

l C = 1.5 A, 

See Notes 5 and 6 

25 

125 


V C E = 4 V, 

< 

CO 

II 

o 

See Notes 5 and 6 

8 


V BE 

Base-Emitter Voltage 

V C E = 4 V, 

l C =3A f 

See Notes 5 and 6 

1.7 

V 

v CE(sat) 

Collector-Emitter Saturation Voltage 

l B = 0.15 A, 

l C = 1.5 A, 

See Notes 5 and 6 

1 

V 

l B = 0.6 A, 

'C=3A, 

See Notes 5 and 6 

2.5 

hfe 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V C E = 5 V, 

l C = 0.5 A, 

f = 1 kHz 

25 


l h fe| 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V C E = 5 V, 

1C = 0.5 A, 

f = 5 MHz 

4 



NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 

thermal characteristics 


PARAMETER 

TIP529 

TIP530 

UNIT 

MAX 

MAX 

R 0JC 

Junction-to-Case Thermal Resistance 

1.5 

5 

°c/w 

r 0JA 

Junction-to-Free-Air Thermal Resistance 

43.75 

87.5 
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TYPES TIP531 THRU TIP534 
N-P-N SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 

• 300 V and 400 V Min V(BR)CEO 

• 15-A Rated Continuous Collector Current 


• 150 Watts at 100°C Case Temperature 


• Min fj of 50 MHz at 10 V, 1 A 


mechanical data 


ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



ALL DIMENSIONS ARE IN INCHES 



TIP533, TIP534 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



ALL JEDEC TO-63 DIMENSIONS 
AND NOTES ARE APPLICABLE 


CASE TEMPERATURE MEA- 
SUREMENT POINT IS UN- 
DERSIDE OF FLAT SURFACE 
WITHIN 0.125" FROM STUD 


ALL DIMENSIONS ARE IN INCHES 



absolute maximum ratings at 25° C case temperature (unless otherwise noted) 


TIP531 TIP532 
TIP533 TIP534 


Co I lector- Base Voltage 340 V 450 V 

Collector-Emitter Voltage (See Note 1) 300 V 400 V 

Emitter-Base Voltage 6V 6V 

Continuous Collector Current 15 A ► 

Peak Collector Current (See Note 2) + 25 A ► 

Continuous Base Current 4 A ► 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) ◄ — 150 W ► 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4 ) ... . + 4 W ► 

Operating Collector Junction Temperature Range — 65°C to 175°C 

Storage Temperature Range — 65° C to 200°C 

Terminal Temperature 1/16 Inch from Case for 10 Seconds + — 300°C — ► 


5 


NOTES: 1 . These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 175°C case temperature at the rate of 2 W/°C. 

4. Derate linearly to 175°C free-air temperature at the rate of 26.7 mW/°C. 
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TYPES TIP531 THRU TIP534 
N-P-N SILICON POWER TRANSISTORS 


electrical characteristics at 25° C case temperature (unless otherwise noted) 







TIP531 

TIP532 



PARAMETER 

TEST CONDITIONS 

TIP533 

TIP534 

UNIT 






MIN MAX 

MIN MAX 


v (BR)CEO 

Collector-Emitter Breakdown Voltagw 

Iq = 100 mA, 

Ib = o, 

See Note 5 

300 

400 

V 

•CEO Collector Cutoff Current 

V C E = 150 V, 

i b = o 


2 


A 

V CE = 200 V, 

Ib = o 



2 




V C E = 300 V, 

v be = o 


1 



! ces 


V C E = 400 V, 

o 

II 

UJ 

CO 

> 



1 

mA 

Collector Cutoff Current 

V C E = 150 V, 

o' 

ii 

UJ 

CO 

> 

T C = 150°C 

6 




V C E = 200 V f 

o' 

11 

UJ 

CQ 

> 

T C = 150°C 


6 


•ebo 

Emitter Cutoff Current 

V E b = 4V, 

ic = o 


0.5 

0.5 

mA 

V EB = 6V, 

ic = o 


10 

10 

hp E Static Forward Current Transfer Ratio 

V C E = 4 V, 

lc= 7.5 A, 

See Notes Band 6 

20 120 

o 

CM 

O 

CM 


V C e =4 V, 

lc = 15 A, 

See Notes 5 and 6 

5 

5 


V BE 

Base-Emitter Voltage 

Vqe = 4 V, 

IC= 15A, 

See Notes 5 and 6 

1.5 

1.5 

V 

v CE(sat) 

Collector-Emitter Saturation Voltage 

l B = 0.75 A, 

•c = 7.5 A, 

See Notes 5 and 6 

1.5 

1.5 


l B =4A, 

l C = 15 A, 

See Notes 5 and 6 

2 

2 

V 

h fe 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

Vqe = 10 V, 

IC=1 A, 

f = 1 kHz 

20 

20 


l h fe| 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V C E = 10 V, 

IC= 1 A, 

f = 5 MHz 

10 

10 



NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2 %. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


thermal characteristics 


PARAMETER 

ALL TYPES 


MAX 


R 0JC 

Junction-to-Case Thermal Resistance 

0.5 

°C/W 

r 0JA 

Junction-to-Free-Air Thermal Resistance 

37.5 
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TYPES TIP535, TIP536, TIP537 
N-P-N SILICON POWER TRANSISTORS 


I FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 

I • 200 V, 300 V, 400 V Min V(BR)CEO 

I • 7.5-A Rated Continuous Collector Current 

• 100 Watts at 1 00° C Case T emperature 

• Min fj of 10 MHz at 10 V, 1 A 

mechanical data 




absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1 ) 

Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) 

Continuous Base Current 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 

Operating Collector Junction Temperature Range 

Storage Temperature Range 

T erminal T emperature 1/16 1 nch from Case for 1 0 Seconds 

NOTES: 1 . These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 1 W/°C. 

4. - Derate linearly to 200°C free-air temperature at the rate of 28.6 mW/°C. 


TIP535 TIP536 TIP537 
300 V 400 V 500 V 
200 V 300 V 400 V 
5 V 5 V 5 V 

◄ 7.5 A ► 

* 15 A ► 

^ 3 A -► 

◄ 100 W ► 

5 W ► 

^ 65° C to 200° C 

— 65°C to 200°C— ► 
300° C ► 
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TYPES TIP535. TIP536, TIP537 
N-P-N SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 




TIP535 

TIP536 

TIP537 

UNIT 


IC9I LUIMUI 1 IUIMO 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

v (BR)CEO 

Collector-Emitter 

Breakdown Voltage 

Iq = 30 mA, 

lB = 

See Note 5 

200 

300 

400 

V 



V C E = 100 V, 

03 

II 

O 


1 




*CEO 

Collector Cutoff Current 

V CE = 150 V, 

I B = 0 



1 


mA 



V C E = 200 V, 

l B = 0 




1 




V CE = 300 V, 

Ifi = o 


1 






V C E = 400 V, 

| B = 0 



1 



'CES 

Collector Cutoff Current 

V CE = 500 V, 

l B = o 




1 

mA 

V CE = 150 V, 

• b = o, 

T C = 150°C 

5 





V CE = 200 V, 

I B = 0, 

T C = 150°C 


5 





V CE = 250 V, 

•b = 0' 

T C = 150°C 



5 


'EBO 

Emitter Cutoff Current 

V EB = 4 V, 

o 

II 

o 


0.5 

0.5 

0.5 

mA 

Veb=5V, 

o 

II 

o 


1 

1 

1 

h F E 

Static Forward Current 

V CE = 4 V, 

l C = 5A 

See Notes 5 and 6 

20 

100 

20 

100 

20 

100 


Transfer Ratio 

V C E = 4 V, 

l C = 7.5 A 

5 

5 

5 


V BE 

Base-Emitter Voltage 

V C E = 4 V, 

l C = 7.5 A, 

See Notes 5 and 6 

2 

2 

2 

V 

v CE(sat) 

Collector-Emitter 

l B = 0.5 A, 

l C = 5A 

See Notes 5 and 6 

1.2 

1.2 

1.2 


Saturation Voltage 

l B = 1.8A, 

l C = 7.5 A 

2.5 

2.5 

2.5 

V 

h fe 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

VcE = 10 V, 

O 

it 

> 

f = 1 kHz 

20 

20 

20 


Ne| 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V CE = 10 V, 

IC= 1 A, 

f = 5 MHz 

2 

2 

2 



NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current carrying contacts and located within 0.125 
inch from the device body. 


thermal characteristics 


PARAMETER 

MAX 

UNIT 

R#jC Junction-to-Case Thermal Resistance 

1 

°c/w 

^0JA Junction-to-Free-Air Thermal Resistance 

35 
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TYPES TIP538, TIP539, TIP540 
N-P-N SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 

• 200 V, 300 V, 400 V Min V(BR)CEO 

• 15-A Rated Continuous Collector Current 

• 125 Watts at 100°C Case Temperature 

• Min fj of 10 MHz at 10 V, 1 A 


mechanical data 


ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


U- 1.573 MAX—*! 



L SEATING PLANE / CASE TEMPERATURE 

1 - BASE — ' MEASUREMENT POINT 


ALL DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

TIP538 TIP539 TIP540 


Collector-Base Voltage 300 V 400 V 500 V 

Col lector- Emitter Voltage (See Note 1) 200 V 300 V 400 V 

Emitter-Base Voltage 5V 5 V 5 V 

Continuous Collector Current <+ 15 A ► 

Peak Collector Current (See Note 2) + 25 A ► 

Continuous Base Current 5 A ► 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) . . 125 W ► 

Continuous Device Dissipation at (or below) 25° C Free-Air Temperature (See Note 4) . * 5 W ► 

Operating Collector Junction Temperature Range — 65° C to 200°C 

Storage Temperature Range , — 65°C to 200°C 

Terminal Temperature 1/16 Inch from Case for 10 Seconds 300°C ► 


NOTES: 1 . These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 1 0%. 

3. Derate linearly to 200° C case temperature at the rate of 1.25 W/°C. 

4. Derate linearly to 200° C free-air temperature at the rate of 28.6 mW/°C. 
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TYPES TIP538, TIP539, TIP540 
N-P-N SILICON POWER TRANSISTORS 


electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TIP538 

TIP539 

TIP540 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

Collector-Emitter 
(BR)CEO Breakdown Voltage 

IC = 30mA, l B = 0, See Note 5 

200 

300 

400 

V 

•CEO Collector Cutoff Current 

V C E = 100V, l B = 0 

2 



mA 

V CE = 150 V, l B = 0 


2 


V CE = 200V, l B = 0 



2 

'CES Collector Cutoff Current 

V CE = 300 V, l B = 0 

1 



mA 

V CE = 400 V, l B = 0 


1 


V CE = 500 V, l B = 0 



1 

V CE = 150 V, 1 B = 0, Tq = 1 50° C 

10 



V CE = 200 V, l B = 0, T C - 150°C 


10 


V CE = 250 V, l B = 0, Tc=150°C 



10 

lEBO Emitter Cutoff Current 

V EB = 4 V, 1 q = 0 

0.5 

0.5 

0.5 

mA 

V EB = 5 V, Iq = 0 

1 

1 

1 

Static Forward Current 

h FE 

Transfer Ratio 

V CE = 4V, l C = 7.5A 

See Notes 5 and 6 

20 100 

20 100 

20 100 


Vce = 4V / l C = 15 A 

5 

5 

5 

Vqe Base-Emitter Voltage 

Vqe = 4 V, l c = 15 A, See Notes 5 and 6 

2 

2 

2 

V 

Collector-Emitter 

VcE(sat) Saturation Voltage 

l B = 0.75 A, l C = 7.5 A 

See Notes 5 and 6 

0.75 

0.75 

0.75 

V 

l B = 3.75 A, l c = 15 A 

2.5 

2.5 

2.5 

Small-Signal Common-Emitter 
hf e 

Forward Current Transfer Ratio 

V CE =10V, l c =1A, f = 1 kHz 

20 

20 

20 


, Small-Signal Common-Emitter 

' s6 Forward Current Transfer Ratio 

Vc E = 10 V, l C = 1 A, f = 5 MHz 

2 

2 

2 



NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 ns, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current carrying contacts and located within 0.125 
inch from the device body. 


thermal characteristics 


PARAMETER 

MAX 

UNIT 

R#jC Junction- to-Case Thermal Resistance 

0.8 

°c/w 

^0JA Junction-to-Free-Air Thermal Resistance 

35 
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description 


TYPE TIP541 

N-P-N SILICON POWER TRANSISTORS 


RADIATION-TOLERANT TRANSISTOR 
FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 

• Min hpE of 10 at 4 V, 2 A after 5 X 10 14 Fast Neutrons/cm 2 

• 4 W at 100°C Case Temperature 

• Max VcE(sat) of 0-4 V at lc = 2 A 

• Min fj of 150 MHz at 5 V, 0.5 A 

• 1 mJ Reverse Energy Rating 


The TIP541 transistor offers a significant advance in radiation-tolerant-device technology. Unique construction 
techniques produce transistors which maintain useful characteristics after fast-neutron radiation fluences through 
5 X 10 14 n/cm 2 . 


mechanical data 



absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Co I lector- Base Voltage 50 V 

Collector-Emitter Voltage (See Note 1) 45 V 

Emitter-Base Voltage 5 V 

Continuous Collector Current 2 A 

Peak Collector Current (See Note 2) 5 A 

Continuous Base Current 1 A 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) 4 W 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 1 W 

Unclamped Inductive Load Energy (See Note 5) 1 mJ 

Operating Collector Junction Temperature Range — 65° C to 200°C 

Storage Temperature Range — 65°C to 200° C 

Lead Temperature 1/16 Inch from Case for 10 Seconds 300°C 

NOTES: 1. This value applies when the base-emitter diode isopen-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 40 mW/°C. 

4. Derate linearly to 200° C free-air temperature at the rate of 5.7 mW/°C. 


5. This rating is based on the capability of the transistor to operate safely in the undamped-inductive load circuit of Section 3.2 of 
the forthcoming JEDEC publication Suggested Standards on Power Transistors. % L = 125 juH, f?bbi = 10 12, R BB 2 = 100 12, 
V BB i = 10 V, V BB2 = 0 V, R L = 0.1 12, V cc = 20 V, l CM = 4 A. Energy « l C 2 L/2. 

$This circuit appears on page 5-1 of this data book. 
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TYPE TIP541 

N-P-N SILICON POWER TRANSISTORS 



electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

v (BR)CEO 

Collector-Emitter Breakdown Voltage 

Iq = 30 mA, 

>B = 

See Note 6 

45 

V 

<CEO 

Collector Cutoff Current 

V CE = 20 V, 

i B - o 


5 

mA 

>CES 

Collector Cutoff Current 

V CE = 50 V, 

v BE = 0 


1 

mA 

V CE = 25 V, 

v B e = 0. 

T C = 150°C 

2 

•ebo 

Emitter Cutoff Current 

V EB = 4 V, 

I C = 0 


20 

MA 

V EB = 5 V, 

lc = o 


500 

h F E 

Static Forward Current Transfer Ratio 

V C E = 4 V, 

o 

II 

> 

See Notes 6 and 7 

40 

200 


V C E = 4 V, 

IC=2A, 

See Notes 6 and 7 

70 


v B e 

Base-Emitter Voltage 

V C E = 4 V, 

l C = 2A, 

See Notes 6 and 7 

1.2 

V 

v CE(sat) 

Collector-Emitter Saturation Voltage 

1 B = 0. 1 A, 

l C = 1 A, 

See Notes 6 and 7 

0.3 

v 

l B = 0.2 A, 

l C =2A, 

See Notes 6 and 7 

0.4 


hfe 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V CE = 5V, 

l C = 0.5 A, 

f = 1 kHz 

40 


Ihfel 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V C E = 5 V, 

»I C = 0.5 A, 

f = 10 MHz 

15 



post-irradiation electrical characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

RADIATION 

FLUENCEt 

MIN MAX 

UNIT 

hp E Static Forward Current T ransfer Ratio 

V C E = 4V, Iq - 2 A, 

See Notes 6 and 7 

5 X 10 14 n/cm 2 

10 



thermal characteristics 


PARAMETER 

MAX 

UNIT 

RfljC Junction- to-Case Thermal Resistance 

25 

°c/w 

^0JA Junction-to-Free-Air Thermal Resistance 

175 


^Radiation is fast neutrons (n) at E > 10 keV (reactor spectrum). 

NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 
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TYPE TIP542 
N-P-N SILICON POWER TRANSISTOR 


description 


RADIATION-TOLERANT TRANSISTOR 
FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 

• Min hpE of 10 at 4 V, 8 A after 5 X 10 14 Fast Neutrons/cm 2 

• 40 W at 100°C Case Temperature 

• Max VQE(sat) of 0.8 V at lc = 10 A 

• Min fj of 150 MHz at 5 V, 1 A 

• 4 mJ Reverse Energy Rating 


The TIP542 transistor offers a significant advance in radiation-tolerant-device technology. Unique construction 
techniques produce transistors which maintain useful characteristics after fast-neutron radiation fluences through 
5 X 1014 n/cm 2 . 


mechanical data 



absolute maximum ratings at 25° C case temperature (unless otherwise noted) 

Collector-Base Voltage 50 V 

Collector-Emitter Voltage (See Note 1) 45 V 

Emitter-Base Voltage 5 V 

Continuous Collector Current 10 A 

Peak Collector Current (See Note 2) 20 A 

Continuous Base Current 5 A 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) 40 W 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 2 W 

Unclamped Inductive Load Energy (See Note 5) 4 mJ 

Operating Collector Junction Temperature Range — 65° C to 200°C 

Storage Temperature Range — 65° C to 200°C 

Terminal Temperature 1/16 Inch from Case for 10 Seconds 300°C 


NOTES: 1 . This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of. 0.4 W/°C. 

4. Derate linearly to 200°C free-air temperature at the rate of 11.4 mW/°C. 

5. This rating is based on the capability of the transistor to operate safely in the undamped-inductive load circuit of Section 3.2 of 
the forthcoming JEDEC publication Suggested Standards on Power Transistors.% L = 125 /uH, Rbbi = 5 Q, , R BB2 = l00fii, 
V B B1 “ 10 V, V BB2 = 0 V, Rj_ = 0.1 f l , V CC = 20 V, I OM = 8 A, Energy « Iq2[_/2. 

$This circuit appears on page 5-1 of this data book. 
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TYPE TIP542 

N-P-N SILICON POWER TRANSISTOR 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

v (BR)CEO 

Collector-Emitter Breakdown Voltage 

Iq = 30 mA, 

i B = o. 

See Note 6 

45 

V 

! ceo 

Collector Cutoff Current 

VcE = 20 V, 

o 

it 

00 


5 

mA 

•CES 

Collector Cutoff Current 

V C E = 50 V, 

Vbe = o 


2 

mA 

Vqe = 25 V, 

VbE = 0, 

T c = 150°C 

4 

'EBO 

Emitter Cutoff Current 

V EB = 4V, 

ic = o 


0.2 


V EB = 5 V, 

ic = o 


2 




Vqe = 4 V, 

l C = 5A 


40 

200 


hpE 

Static Forward Current Transfer Ratio 

V C E = 4V, 

Iq = 8A 

See Notes 6 and 7 

70 




V CE = 4V, 

l C = 10 A 


70 


V BE 

Base-Emitter Voltage 

Vce = 4 V, 

IC= 10 A, 

See Notes 6 and 7 

1.4 

V 

v CE(sat) 

Collector-Emitter Saturation Voltage 

l B = 0.5 A, 

l C =5A 

See Notes 6 and 7 

0.5 


l B = 1 A, 

l C = 10 A 

0.8 

V 

hfe 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V C E = 5V, 

O 

n 

> 

f = 1 kHz 

35 


l h fe| 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

Vqe = 5 v. 

IC= 1 A, 

f = 10 MHz 

15 



post-irradiation electrical characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

RADIATION 

FLUENCE* 

MIN MAX 

UNIT 

hp E Static Forward Current Transfer Ratio 

V CE = 4V, Iq = 8 A, 

See Notes 6 and 7 

5 X 10 14 n/cm 2 

10 



thermal characteristics 


PARAMETER 

MAX 

UNIT 

RflJC Junction-to-Case Thermal Resistance 

2.5 

°C/W 

^0JA Junction-to-Free-Air Thermal Resistance 

87.5 


* Radiation is fa$t neutrons (n) at E > 10 keV (reactor spectrum). 

NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 /is, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 
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description 


TYPE TIP543 
N-P-N SILICON POWER TRANSISTOR 


RADIATION-TOLERANT TRANSISTOR 
FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 

• Min hpE °f 10 at 4 V, 5 A after 2 X 10 14 Fast Neutrons/cm 2 

• 40 W at 100°C Case Temperature 

• Max VcE(sat) of 0.8 V at lc = 10 A, 1 b = 1 A 

• Min fj of 120 MHz at 5 V, 1 A 

• 4 mJ Reverse Energy Rating 


The TIP543 transistor offers a significant advance in radiation-tolerant-device technology. Unique construction 
techniques produce transistors which maintain useful characteristics after fast-neutron radiation fluences through 
2 X 1014 n/cm 2 . 

mechanical data 



absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Collector-Base Voltage 75 V 

Collector-Emitter Voltage (See Note 1) 65 V 

Emitter-Base Voltage 5 V 

Continuous Collector Current 10A 

Peak Collector Current (See Note 2) 20 A 

Continuous Base Current 5 A 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) 40 W 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 2 W 

Unclamped Inductive Load Energy (See Note 5) 4 mJ 

Operating Collector Junction Temperature Range — 65° C to 200°C 

Storage Temperature Range — 65° C to 200°C 

Terminal Temperature 1/16 Inch from Case for 10 Seconds 300°C 

NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 0.4 W/°C. 

4. Derate linearly to 200°C free-air temperature at the rate of 1 1.4 mW/°C. 


5. This rating is based on the capability of the transistor to operate safely in the undamped-inductive load circuit of Section 3.2 of 
the forthcoming JEDEC publication Suggested Standards on Power Transistors, t l = 125 juH, Rbbi = 5 ST. R BB2 = 100 
V BB1 = 10 V, V BB2 = 0 V, R l = 0.1 n, V cc = 20 V., l CM = 8 A, Energy « l c 2 L/2. 

$This circuit appears on page 5-1 of this data book. 
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TYPE TIP543 

N-P-N SILICON POWER TRANSISTOR 


electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

v (BR)CEO 

Col lector- Emitter Breakdown Voltage 

Iq = 30 mA, 

Ib = 

See Note 6 

65 

V 

>CEO 

Collector Cutoff Current 

V CE = 40 V, 

I B = 0 


2 

mA 

'CES 

Collector Cutoff Current 

V C E = 75 V, 

v be = o 


1 

mA 

V CE = 40 V, 

o' 

it 

tn 

CO 

> 

T C = 150°C 

2 

•ebo 

Emitter Cutoff Current 

V E B = 3V, 

i c = o 


0.2 

mA 

Veb = 5 V, 

o 

ii 

O 


1 

h F E 

Static Forward Current Transfer Ratio 

V C E = 4 V, 

IC=5A, 

See Notes 6 and 7 

40 

200 


V C E - 4 V, 

o 

II 

o 

> 

See Notes 6 and 7 

40 


V BE 

Base-Emitter Voltage 

V C E = 4V, 

lc= 10 A, 

See Notes 6 and 7 

1.4 

V 

v CE(sat) 

Collector-Emitter Saturation Voltage 

l B = 0.5A, 

IC = 5A, 

See Notes 6 and 7 

0.5 

y 

lB = 1 A, 

l C = 10 A, 

See Notes 6 and 7 

0.8 


hfe 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

Vqe = 5 V, 

l C = 1 A, 

f = 1 kHz 

40 


l h fel 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V C E = 5 V, 

O 

ii 

> 

f = 10MHz 

12 



post-irradiation electrical characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

RADIATION 

FLUENCE* 

MIN MAX 

UNIT 

hp E Static Forward Current Transfer Ratio 

V C e = 4V, Ic=5A, 
See Notes 6 and 7 

2 X 10^ n/cm 2 

10 



thermal characteristics 


PARAMETER 

MAX 

UNIT 

R 0JC Junction-to-Case Thermal Resistance 

2.5 

°C/W 

r 0JA Junction-to-Free-Air Thermal Resistance 

87.5 


Radiation is fast neutrons (n) at E > 10 keV (reactor spectrum). 

NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 
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TYPES TIP544, TIP545, TIP546 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 



The case outline falls within JEDEC TO-3. 



absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Continuous Collector Current 

Peak Collector Current (See Note 2) 

Continuous Base Current 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 

Operating Collector Junction Temperature Range 

Storage Temperature Range 

Terminal Temperature 1/16 Inch from Case for 10 Seconds 


TIP544 TIP545 TIP546 

-100 V -120 V —140 V 
-100V -120V -MOV 
-7 V -7 V -7 V 

6 A ► 

^ 10 A ► 

-« 4 A ► 

* 150 W ► 

5 W ► 

65° C to 200°C — ► 

* 65° C to 200° C — ► 

^ 235°C ► 


NOTES: 1 . These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 0.857 W/°C. 

4. Derate linearly to 200°C free-air temperature at the rate of 28.6 mW/°C. 
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TYPES TIP544, TIP545, TIP546 

P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TIP544 

TIP545 

TIP546 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

Collector-Emitter 
v (BR)CEO Breakdown Voltage 

Iq = -200 mA, Ib = 0, See Note 5 

-100 

-120 

-140 

V 

ICBO Collector Cutoff Current 

V CB = -100V,I E = 0 

-1 



mA 

V CB = —120 V, l E = 0 


-1 


VcB ^ — 140 V,l E = 0 



-1 

• CEO Collector Cutoff Current 

V C E = -50V, l B = 0 

-5 



mA 

V CE = -60V, l B = 0 


-5 


V ce = ~70V, 1 q = 6 



-5 

IqeV Collector Cutoff Current 

V C E = -100 V, V B e = 1.5 V 

-1 



mA 

VCE = - 1 20 V,V B e= 1-5V 


-1 


v CE = -140 v, v B e = i.5v 



-1 

v CE = -ioo v, v B e = i.5v, Tc=i50 o c 

-5 



V CE = -120 V, V B e = 1.5 v, Tc=150°C 


-5 


Vce = -140 V, V B e = 1.5 V, T C =150°C 



-5 

*EBO Emitter Cutoff Current 

V EB - —7 V, l C =0 

-1 

-1 

-1 

mA 

Static Forward Current 

hpE 

Transfer Ratio 

Vce = -2V, l C = -3A 

See Notes 5 and 6 

25 100 

o 

00 

o 

CN 

15 60 


Vce = -2V, l C = -6A 

5 

5 

5 

Vbe Base-Emitter Voltage 

V C e = -2V, l C = -3A, See Notes 5 and 6 

-1.5 

-1.5 

-1.5 

V 

Collector-Emitter 

VCE(sat) Saturation Voltage 

l B = —0.3 A, l C =-3A 

See Notes 5 and 6 

-1 

-1 

-1 

V 

l B = —1.2 A, I C =-6A 

-2 

-2 

-2 

Small-Signal Common-Emitter 

hf e 

Forward Current Transfer Ratio 

VCE = -10 V, lc = -2A, f = 1 kHz 

15 

15 

15 


, , Small-Signal Common-Emitter 

hfo 

1 ' Forward Current Transfer Ratio 

Vce = -20 V, l C = —0.5 A, f= 0.5 MHz 

2 

2 

2 


Common-Base Open-Circuit 
C°bo Output Capacitance 

V C B = -10 V, l E = 0, f= 0.1 to 1MHz 

300 

300 

300 

PF 


NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 
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TYPES TIXP547. TIXP548, TIXP549 
N-P-N SILICON POWER TRANSISTORS 


■ FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 

■ • 60 V, 80 V, and 100 V Min V(BR)CEO 

■ • 100-A Rated Continuous Collector Current 

I • 200 Watts at 100°C Case Temperature 

• Minty of 3 MHz at 5 V f 5 A 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



D. All dimensions are in inches unless otherwise specified NOTES ARE APPLI- 

CABLE. 



5 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

TIXP547 TIXP548 TIXP549 


Collector-Base Voltage 80 V 100 V 120 V 

Collector-Emitter Voltage (See Note 1) 60 V 80 V 100 V 

Emitter-Base Voltage 5 V 5 V 5 V 

Continuous Collector Current <+ 100 A ► 

Peak Collector Current (See Note 2) M 150 A -► 

Continuous Base Current ** 25 A ► 

Safe Operating Area at (or below) 100°C Case Temperature See Figure 1 ► 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) . -200 W~~ ► 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) ** 8.5 W ► 

Operating Collector Junction Temperature Range 65°C to 200°C — ► 

Storage Temperature Range 65°C to 200°C — ► 

Terminal Temperature 1/16 Inch from Case for 10 Seconds * 300°C ► 

NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200° C case temperature at the rate of 2 W/°C. 

4. Derate linearly to 200°C free-air temperature at the rate of 48.5 mW/°C. 
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TYPES TIXP547, TIXP548, TIXP549 
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TYPES TIXP547, TIXP548, TIXP549 
N-P-N SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

tcct rnMninnwc 

TIXP547 

TIXP548 

TIXP549 

UNIT 




MIN 

MAX 

MIN 

> 

X 

MIN 

X 

< 

v (BR)CEO 

Collector-Emitter 

Breakdown Voltage 

l C = 200 mA, 

Ib = 

See Note 5 

60 

80 

100 

V 



V C E = 30 V, 

l B = o 


10 




•CEO 

Collector Cutoff Current 

V C E = 40 V, 

I B = 0 



10 


mA 



V CE = 50 V, 

ib-o 




10 




V C E = 80 V, 

V BE = 0 


5 






V C E = 100 V, 

V BE = 0 



5 



Ices 

Collector Cutoff Current 

V C E - 120 V, 

v BE = 0 




5 


V CE = 40 V, 

V B e = 0, 

Tq = 150°C 

25 






V CE = 50 V, 

? 

m 

> 

T C = 150°C 


25 





V CE = 60 V, 

VbE = 0, 

T C = 150°C 



25 


'ebo 

Emitter Cutoff Current 

V EB = 4 V, 

I C = 0 


2 

2 

2 

mA 

V EB = 5V, 

ic = o 


5 

5 

5 

h F E 

Static Forward Current 

VqE = 4 V, 

l C = 50 A 

See Notes 5 and 6 

15 

100 

15 

100 

15 

100 


Transfer Ratio 

V C E = 4 V, 

IC= 100 A 

5 

5 

5 


V BE 

Base-Emitter Voltage 

V C E = 4 V, 

l C = 100 A, 

See Notes 5 and 6 

4 

4 

4 

V 

VcE(sat) 

Collector-Emitter 

l B ~ 5 A, 

l C = 50 A 

See Notes 5 and 6 

1.5 

1.5 

1.5 

V/ 

Saturation Voltage 

l B = 25 A, 

l C = 100 A 

3 

3 

3 

V 

hfe 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

Vqe = 5 V, 

IC=5A, 

f = 1 kHz 

15 

15 

15 


Nel 

Small-Signal Common-Emitter 
Forward Current Transfer Ratio 

V C E = 5 V, 

l c = 5 A, 

f = 1 MHz 

3 

3 

3 



NOTES: 5. These parameters must be measured using pulse techniques. t w = 300 /us, duty cycle < 2%. 

6. These pararrfeters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 

thermal characteristics 


PARAMETER 

MAX 

UNIT 

R#JC Junction-to-Case Thermal Resistance 

0.5 

°c/w 

RflJA Junction-to-Free-Air Thermal Resistance 

20.6 


MAXIMUM SAFE OPERATING AREA 



VcE-Collector-Emitter Voltage- V 

FIGURE 1 
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TYPES TIP640, TIP641, TIP642 
N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 



DESIGNED FOR COMPLEMENTARY USE WITH TIP645, TIP646, TIP647 


175 W at 25° C Case Temperature 
10-A Rated Collector Current 


Min hpE of 1000 at 4 V, 5 A 
100-mJ Reverse Energy Rating 


device schematic collector 



mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 
ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 



ALL DIMENSIONS ARE IN INCHES 



absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TIP640 TIP641 TIP642 


Collector-Base Voltage 60 V 80 V 100 V 

Collector-Emitter Voltage (See Note 1) 60 V 80 V 100 V 

Emitter-Base Voltage 5 V 5 V 5 V 

Continuous Collector Current + 10 A ► 

Peak Collector Current (See Note 2) -m 15 A ► 

Continuous Base Current * 0.5 A ► 

Safe Operating Areas at (or below) 25°C Case Temperature *HSee Figures 7 and 8 — +> 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) . . 175 W ► 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) * 5 W 

Unclamped Inductive Load Energy (See Note 5) + 100 mJ ► 

Operating Collector Junction Temperature Range 65°C to 200°C — ► 

Storage Temperature Range <+ 65° C to 200° C — ► 

Lead Temperature 1/8 Inch from Case for 10 Seconds ^ 260°C 


5 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 1 W/°C or refer to Dissipation Derating Curve, Figure 9. 

4. Derate linearly to 200°C free-air temperature at the rate of 28.6 mW/°C or refer to Dissipation Derating Curve, Figure 10. 

5. This rating is based on the capability of the transistors to operate safely in the circuit of Figure 2. L = 100 mH, RbB2 = 10 ® 
VbB 2 = 0 v * R S ° 0.1 fi, v cc = 20 v - Energy « Iq 2l/ 2. 
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TYPES TIP640, TIP641, TIP642 

BULLETIN NO. DL-S 71 11642, DECEMBER 1971 



TYPES TIP640, TIP641, TIP642 

N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


electrical characteristics at 25° C case temperature 


PARAMETER 




TIP640 

TIP641 

TIP642 

UNIT 



MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

v (BR)CEO 

Collector-Emitter 

Breakdown Voltage 

Iq = 30 mA, 

'b = o, 

See Note 6 

60 

80 

100 

V 



Vqe = 30 V, 

o 

n 

CQ 


2 




'CEO 

Collector Cutoff Current 

V C E = 40 V, 

CO 

II 

O 



2 


mA 



V CE = 50 V, 

l B = o 




2 




V C B = 60 V, 

l E = 0 


1 




'CBO 

Collector Cutoff Current 

V CB = 80V, 

'e = o 



1 


mA 



V CB = 100 V 

'E = o 




1 


'EBO 

Emitter Cutoff Current 

V EB = 5 V, 

o 

ii 

6 


2 

2 

2 

mA 

hpE 

Static Forward Current 

V C E = 4 V, 

I C =5A 

See Notes 6 and 7 

1000 

1000 

1000 


Transfer Ratio 

V C E = 4 V, 

l C = 10 A 

500 

500 

500 


V BE 

Base-Emitter Voltage 

V C E = 4 V, 

l C = 10 A, 

See Notes 6 and 7 

3 

3 

3 

V 

v CE(sat) 

Collector-Emitter 

l B = 10 mA, 

I C =5A 

See Notes 6 and 7 

2 

2 

2 


Saturation Voltage 

l B = 40 mA, 

IC= 10 A 

3 

3 

3 

V 



NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* 

TYP 

UNIT 

ton 

Turn-On Time 

Iq = 10 A, 

'B(1) = 40mA, lg(2) = — 40 mA, 

0.9 

MS 

toff 

Turn-Off Time 

v BE(off) = 

—4.2 V, Rj_ = 3 £2, See Figure 1 

11 


* Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 



NOTES: A. V gen is a — 30-V pulse (from 0 V) into a 50-JST2 termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 15 ns, tf < 15 ns, Z out = 50 £2, t w = 20 jus, 
duty cycle <2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, Rj n > 10 M£2, Cj n < 1 1.5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 

FIGURE 1 
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TYPES TIP640, TIP641, TIP642 
N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


INDUCTIVE LOAD SWITCHING 




VOLTAGE AND CURRENT WAVEFORMS 


NOTE A: Input pulse width is increased until Iqm = 1 .42 A. 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT 
TRANSFER RATIO 


COLLECTOR CURRENT 



BASE-EMITTER VOLTAGE 


vs 



-75 -50 -25 0 25 50 75 100 125 150 175 
Tc-Case Temperature-°C 


FIGURE 3 


FIGURE 4 


COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 



-75 -50 -25 0 25 50 75 100 125 150 175 


SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 



1 2 4 7 10 


Tc-Case Temperature-°C 


f— Frequency— MHz 


FIGURE 5 


FIGURE 6 


5 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 
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TYPES TIP640, TIP641, TIP642 

N-P-N DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 


MAXIMUM COLLECTOR CURRENT 

VS 



10 20 40 70 100 200 400 


MAXIMUM COLLECTOR CURRENT 
vs 



0.4 1 4 10 40 100 400 


VCE~ 1 Collector-Emitter Voltage— V 
FIGURE 7 

NOTE 8: Above this point the safe operating area has not been defined. 


L— Undamped Inductive Load— mH 
FIGURE 8 


THERMAL INFORMATION 


o 

o 

E 

3 

E 


I 

h- 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 

200 
180 
160 
140 
120 
100 
80 
60 
40 
20 
0 

0 25 50 75 100 125 150 175 200 



Tq— C ase Temperature— °C 


FIGURE 9 


a 

8 

Q 


c 

3 

E 

3 

E 


I 

£ 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



T/\-Free-Air Temperature-°C 


FIGURE 10 
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TYPES TIP645, TIP646. TIP647 
P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


DESIGNED FOR COMPLEMENTARY USE WITH TIP640, TIP641, TIP642 

• 175 W at 25° C Case Temperature • Min hfE of 1000 at 4 V, 5 A 

• 10- A Rated Collector Current • 100 mJ Reverse Energy Rating 


device schematic 



S3 

FS 

m w 

H H 

z2 

opl 

o'z! 

rx 

cog 

Nj c> 
_» ' 
^ H 

w g 

o 

m 

o 


mechanical data 


ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



ALL DIMENSIONS ARE IN INCHES 



absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

TIP645 TIP646 TIP647 


Collector-Base Voltage -60 V —80 V —100 V 

Collector-Emitter Voltage (See Note 1 ) —60 V —80 V — 100 V 

Emitter-Base Voltage —5 V —5 V —5 V 

Continuous Collector Current + —10 A ► 

Peak Collector Current (See Note 2) + 15 A ► 

Continuous Base Current + 0.5 A •» 

Safe Operating Areas at (or below) 25° C Case Temperature See Figures 7 and 8 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) . . 175 W •> 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) <+ 5 W *■ 

Unclamped Inductive Load Energy (See Note 5) + 100 mJ ► 

Operating Collector Junction Temperature Range — 65°C to 200°C 

Storage Temperature Range — 65°C to 200°C 

Terminal Temperature 1/8 Inch from Case to 10 Seconds 260 C — *■ 


5 


NOTES: 


1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for t w < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 1 W/°C or refer to Dissipation Derating Curve, Figure 9. 

4. Derate linearly to 200°C free-air temperature at the rate of 28.6 mW/°C or refer to Dissipation Derating Curve, Figure 10, 

5. This rating is based on the capability of the transistors to operate safely in the circuit of Figure 2. L = 100 mH, RbB2 = 100 &•> 
V BB2 = 0 V, R s = 0.1 £2, V cc = 20 V. Energy « lc 2 L/2. 
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TYPES TIP645, TIP646, TIP647 

P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 



electrical characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

TIP645 

TIP646 

TIP647 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

Collector-Emitter 
v (BR)CE0 Breakdown Voltage 

Iq = — 30 mA, l B = 0, See Note 6 

-60 

-80 » 

-100 

V 

•CEO Collector Cutoff Current 

V C E = -30V, l B = 0 

-2 



mA 

V ce = -40V, l B = 0 


-2 


V C e = -50V, l B = 0 



-2 

IqbO Collector Cutoff Current 

V cb = -60V, l E = 0 

-1 



mA 

V CB = -80 V, l E = 0 


-1 


v CB = -ioov, l E = 0 



-1 

•EBO Emitter Cutoff Current 

Veb = -5V, l C =0 

-2 

-2 

-2 

mA 

Static Forward Current 

hpE 

Transfer Ratio 

V ce = -4V, l c = -5A 


1000 

1000 

1000 


V CE = -4V, |q - —10 A 


500 

500 

500 

V BE Base-Emitter Voltage 

V CE = -4V, l c = -10 A, See Notes 6 and 7 

-3 

-3 

-3 

V 

Co Hector- Emitter 

VcE(sat) Saturation Voltage 

l B = — 10 mA, l C =-5A 

See Notes 6 and 7 

-2 

-2 

-2 

V 

l B = —40 mA, l C = —10 A 

-3 

-3 

-3 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 

switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* 

TYP 

UNIT 

ton Turn-On Time 

lc = —10 A, I B (1) = -40 mA, l B (2) = 40mA, 

V BE ( 0 ff) = 4.2 V, Rl = 3 12, See Figure 1 

0.9 

JUS 

t 0 ff Turn-Off Time 

11 


t 


Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 



NOTES: 


A. V gen is a 30-V pulse (from 0 V) into a 50-12 termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 15 ns, tf < 15 ns, Z out = 50 12, t w - 20 jus, 
duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, Rj n > 1 0 M12, Cj n < 1 1 .5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 

FIGURE 1 
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TYPES TIP645. TIP646, TIP647 
P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


INDUCTIVE LOAD SWITCHING 




NOTE A: Input pulse width is increased until Iqm = —1.42 A. 


FIGURE 2 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 
COLLECTOR CURRENT 



BASE-EMITTER VOLTAGE 
vs 



- 75 - 50-25 0 25 50 75 100 125150 175 
TQ-Case Temperature— °C 


5 


FIGURE 3 


FIGURE 4 


COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 



- 75 - 50-25 0 25 50 75 100 125 150 175 
T c-Case T emperature-°C 

FIGURE 5 


SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 

FREQUENCY 



FIGURE 6 


NOTES: 6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 
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TYPES TIP645, TIP646, TIP647 

P-N-P DARLINGTON-CONNECTED SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING AREAS 



MAXIMUM COLLECTOR CURRENT 

VS 

COLLECTOR-EMITTER VOLTAGE 
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D-C Operation 
T C <25°C 
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Vqe— C ollector-Emitter Voltage— V 
FIGURE 7 

NOTE 8: Above this point the safe operating area has not been defined. 


MAXIMUM COLLECTOR CURRENT 
vs 

UNCLAMPED INDUCTIVE LOAD 



L-Unclamped Inductive Load-mH 
FIGURE 8 


THERMAL INFORMATION 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



0 25 50 75 100 125 150 175 200 

Tc~ Case Temperature— °C 

FIGURE 9 


o 

o 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



0 25 50 75 100 125 150 175 200 

Ty\— Free-Air Temperature— °C 


FIGURE 10 
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TYPE TIP2955 

P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTOR 


FOR POWER AMPLIFIER AND HIGH-SPEED SWITCHING APPLICATIONS 
RECOMMENDED FOR COMPLEMENTARY USE WITH TIP3055 

• 90 Watts at 25° C Case Temperature 

• 15 A Rated Collector Current 


mechanical data 


• 62.5 mJ Reverse Energy Rating 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 






ALL DIMENSIONS ARE IN INCHES 


5 


absolute maximum ratings at 25° C case temperature (unless otherwise noted) 


Collector-Base Voltage —100 V 

Collector-Emitter Voltage (See Note 1 ) —70 V 

Emitter-Base Voltage —7 V 

Continuous Collector Current — 15 A 

Continuous Base Current —7 A 

Safe Operating Region at (or below) 25°C Case Temperature See Figure 5 

Continuous Device Dissipation at (or below) 25°C Case 

Temperature (See Note 2) 90 W 

Continuous Device Dissipation at (or below) 25°C Free-Air 

Temperature (See Note 3) 3.5 W 

Unclamped Inductive Load Energy (See Note 4) 62.5 mJ 

Operating Collector Junction Temperature Range — 65°Cto150°C 

Storage Temperature Range — 65°Cto150°C 

Lead Temperature 1/8 Inch from Case For 10 Seconds 260°C 


NOTES: 1. This value applies when the base-emitter resistance R BE = 1 00 12. 

2. Derate linearly to 150°C case temperature at the rate of 0.72 W/°C. 

3. Derate linearly to 150°C free-air temperature at the rate of 28 mW/°C. 

4. This rating is based on the capability of the transistor to operate safely in the circuit of Figure 2. L = 20 mH, RbB 2 = 100 ^2. 
V BB2 = OV, R s = 0.1 n,V cc = 10 V. Energy » l C 2 L/2. 
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TYPE TIP2955 

BULLETIN NO. DL-S 721 1662, JANUARY 1972 


TYPE TIP2955 

P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTOR 


electrical characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

MIN 

X 

< 

2 

UNIT 

V(br)CE 0 Collector-Emitter Breakdown Voltage 

'C = “30 mA, 

'b = Of 

See Note 5 

-60 

V 

'CER 

Collector Cutoff Current 

Vce = -70 V, 

F?BE = 100 ST 


-1 

mA 

'CEO 

Collector Cutoff Current 

V C E = “30 V, 

'b = o 


-0.7 

mA 

'CEV 

Collector Cutoff Current 

v C E = -ioo v, v BE = 1.5 v 

-5 

mA 

'ebo 

Emitter Cutoff Current 

v E b = -7 v. 

• c = 0 


-5 

mA 

hpE Static Forward Current Transfer Ratio 

V C E = -4 v. 

l C = ~4 A, 

See Notes 5 and 6 

20 

70 


Vce = “ 4 V ' 

1C = —10 A, 

See Notes 5 and 6 

5 


V BE 

Base-Emitter Voltage 

v CE = -4 v. 

l C = —4 A, 

See Notes 5 and 6 

-1.8 

V 

v CE(sat) 

Collector-Emitter Saturation Voltage 

1 b = —400 mA, 

'C = -4 A, 

See Notes 5 and 6 

-1.1 

v 

l B = —3.3 A, 

l c = —10 A, 

See Notes 5 and 6 

-3 


hfe 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

Vce = -4 V, 

l C = -1 A, 

f = 1 kHz 

15 


f hfe 

Small-Signal Common-Emitter Forward Current 
Transfer Ratio Cutoff Frequency 

v C e = -4 v. 

l C = -1 A, 

See Note 7 

10 

kHz 



NOTES: 


5. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inch from the device body. 

7. f^fe is the frequency at which the magnitude of the small-signal forward current transfer ratio is 0.707 of its low-frequency value. 
For this device, the reference measurement is made at 1 kHz. 


thermal characteristics 


PARAMETER 

MAX 

UNIT 

RflJC Junction-to-Case Thermal Resistance 

1.39 

°C/W 

r 0JA Junction-to-Free-Air Thermal Resistance 

35.7 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* 

TYP 

UNIT 

ton Turn-On Time 

lc = —6 A, l B (i) = -0.6 A, l B (2) = 0.6 A, 

VsE(off) = 4 V, R|_ = 5 12, See Figure 1 

0.4 

jus 

toff Turn-Off Time 

0.7 


^Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
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TYPE TIP2955 

P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 




5 


VOLTAGE WAVEFORMS 


NOTES: 


A. V gen is a 30-V pulse (from 0 V) into a 50-fi termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 15 ns, tf < 15 ns, Z out = 50 fi, t w = 20 jus, 
duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, Rj n > 10 Mfi, Cj n < 1 1.5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 


FIGURE 1 


INDUCTIVE LOAD SWITCHING 




VOLTAGE AND CURRENT WAVEFORMS 


NOTE A: Input pulse width is increased until Iqm = —2.5 A. 


FIGURE 2 
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TYPE TIP2955 

P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTOR 




-1 -2 -4 -10 -20 -40 -100 

Vcg— Collector-Emitter Voltage— V 

FIGURE 5 

NOTE 8: This combination of maximum voltage and current may be achieved only when switching from saturation to cutoff with a clamped 
inductive load. 
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TYPE TIP3055 

N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTOR 


I FOR POWER AMPLIFIER AND HIGH-SPEED SWITCHING APPLICATIONS 

I PLASTIC-CASE REPLACEMENT FOR 2N3055 

I • 90 Watts at 25° C Case Temperature 

• 15 A Rated Collector Current 

mechanical data 



absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage 100 V 

Collector-Emitter Voltage (See Note 1 ) 70 V 

Emitter-Base Voltage 7 V 

Continuous Collector Current 15 A 

Continuous Base Current 7 A 

Safe Operating Region at (or below) 25° C Case Temperature See Figure 5 

Continuous Device Dissipation at (or below) 25° C Case 

Temperature (See Note 2) 90 W 

Continuous Device Dissipation at (or below) 25°C Free-Air 

Temperature (See Note 3) 3.5 W 

Unclamped Inductive Load Energy (See Note 4) 62.5 mJ 

Operating Collector Junction Temperature Range — 65°C to 150°C 

Storage Temperature Range — 65°Cto150°C 

Lead Temperature 1/8 Inch from Case For 10 Seconds 260°C 


NOTES: 1. This value applies when the base-emitter resistance RbE = 100 £2. 

2. Derate linearly to 150°C case temperature at the rate of 0.72 W/°C. 

3. Derate linearly to 150°C free-air temperature at the rate of 28 mW/°C. 

4. This rating is based on the capability of the transistor to operate safely in the circuit of Figure 2. L = 20 mH, Rbb2 = 100 
Vbb 2 = O V, Rg = 0.1 fi,VQQ = 10 V. Energy ~ Iq^L/2. 
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TYPE TIP3055 

BULLETIN NO. DL-S 7011410, DECEMBER 1970 



TYPE TIP3055 

N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTOR 


electrical characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

v (BR)CEO 

Collector-Emitter Breakdown Voltage 

Iq = 30 mA, 

'b ~ o. 

See Note 5 

60 

V 

>CER 

Collector Cutoff Current 

Vce = 70 V, 

Rbe = 100 £1 


1 

mA 

'CEO 

Collector Cutoff Current 

V C E = 30 V, 

'B=0 


0.7 

mA 

'CEV 

Collector Cutoff Current 

v C E = ioo v. 

V BE = -1.5 V 


5 

mA 

'EBO 

Emitter Cutoff Current 

V E B = 7 V, 

'c = o 


5 

mA 

h F E 

Static Forward Current Transfer Ratio 

Vce “4 V, 

IC = 4A, 

See Notes 5 and 6 

20 

70 


v C E - 4 v. 

o 

II 

o 

> 

See Notes 5 and 6 

5 


V BE 

Base-Emitter Voltage 

v C e = 4 v. 

'C = 4A, 

See Notes 5 and 6 

1.8 

V 

v CE(sat) 

Collector-Emitter Saturation Voltage 

1(3 = 400 mA, 

'C=4A, 

See Notes 5 and 6 

1.1 

\y 

'B = 3.3A, 

l C = 1° A, 

See Notes 5 and 6 

3 


hfe 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

Vce = 4 V, 

I C = 1 A, 

f = 1 kHz 

15 


f hfe 

Small-Signal Common-Emitter Forward Current 
Transfer Ratio Cutoff Frequency 

v C E = 4 V, 

'C=1 A, 

See Note 7 

10 

kHz 


5 


NOTES: 


5. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 

7. fftf e is the frequency at which the magnitude of the small-signal forward current transfer ratio is 0.707 of its low-frequency value. 
For this device, the reference measurement is made at 1 kHz. 


thermal characteristics 


PARAMETER 

MAX 

UNIT 

R 0JC Junction-to-Case Thermal Resistance 

1.39 

°c/w 

R 0JA Junction-to-Free-Air Thermal Resistance 

35.7 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS* 

TYP 

UNIT 

ion 

Turn-On Time 

'C = 6A, 

l B (1)=0.6A, 1 b (2) = — 0.6 A, 

0.6 

JUS 

t off 

Turn-Off Time 

v BE(off) " 

— 4 V, R|_ = 5ft, See Figure 1 

1 


* Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
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TYPE TIP305S 

N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTOR 


PARAMETER MEASUREMENT INFORMATION 




VOLTAGE WAVEFORMS 



NOTES: 


A. V gen is a — 30-V pulse (from 0 V) into a 50-£2 termination. 

B. The V gen waveform is supplied by a generator with the following characteristics: t r < 15 ns, tf < 15 ns, Z out = 50 JTi, t w = 20 jus, 
duty cycle < 2%. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 ns, R- m > 10 M£2, Cj n < 1 1.5 pF. 

D. Resistors must be noninductive types. 

E. The d-c power supplies may require additional bypassing in order to minimize ringing. 

FIGURE 1 


INDUCTIVE LOAD SWITCHING 




TEST CIRCUIT 


VOLTAGE AND CURRENT WAVEFORMS 


NOTES: 


A. LI and L2 are 10 mH, 0.11 f l , Chicago Standard Transformer Corporation C-2688, or equivalent. 

B. Input pulse width is increased until 1 cm = 2 - 5 A * 


FIGURE 2 
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TYPE TIP3055 

N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTOR 


TYPICAL CHARACTERISTICS 

STATIC FORWARD CURRENT TRANSFER RATIO 
vs 

COLLECTOR CURRENT 



0.01 0.04 0.1 0.4 1 4 10 

|0— Collector Current— A 

FIGURE 3 

NOTES: 5. These parameters must be measured using pulse 
techniques. t w = 300 jiis, duty cycle < 2%. 

6. These parameters are measured with voltage- 
sensing contacts separate from the current- 
carrying contacts. 


THERMAL INFORMATION 

DISSIPATION DERATING CURVE 



0 25 50 75 100 125 150 

T Q— Case T emperatu re— ° C 

FIGURE 4 


MAXIMUM SAFE OPERATING REGION 



V0£— Collector-Emitter Voltage— V 

FIGURE 5 

NOTE 8: This combination of maximum voltage and current may be achieved only when switching from saturation to cutoff with a clamped 
inductive load. 
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Germanium Power 
Data Sheets 





TYPES 2N456A, 2N457A, 2N458A, 2N1021 AND2N1022 
P-N-P ALLOY -JUNCTION GERMANIUM POWER TRANSISTORS 


CHOICE OF 40v, 60v, 80v, lOOv, or 120v DEVICES 
LOW Ico HIGH BETA LOW Res 
LOW THERMAL RESISTANCE 
150 WATTS DISSIPATION 

Designed specifically for High-Voltage Power Converters, High-Voltage 
Amplifiers and Switching Circuits. Featuring Low Distortion, 

Low Saturation Resistance and Fast Switching Times 


mechanical data 

The use of silver alloy to assemble the mounting base and the use of resistance welding to seal the can, 
provide a hermetically sealed enclosure. During the assembly process the absence of flux, combined 
with extreme cleanliness, prevents sealed-in contamination. 

The mounting base provides an excellent heat path from the collector junction to a heat sink which 
must be in intimate contact to permit operation at maximum rated dissipation. 


The transistors are in a JEDEC TO-3 case. 




THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 
fThe Tl guaranteed maximum value. DIMENSIONS ARE IN INCHES 



absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage 

Collector-Emitter Voltage (see Note 1) . . . 

Emitter-Base Voltage 

Collector Current 

Base Current 

Total Device Dissipation at (or below) 

25°C Case Temperature (see Note 2) . . 

Collector Junction Temperature 

Storage Temperature Range 


2N456A 2N457A 2N458A 2N1021 

-40 v -60 v -80 v -100 v 

-30 v -40 v -45 v -50 v 

30 v 

-a 7 a 

^ 3 a 


100°C 

-55°C to + 100°C 


2N1022 
-120 v 
-55 v 


NOTES: 1. This value applies when the base-emitter diode is open circuited. 

2. Derate linearly to + 100°C case temperature at the rate of 2w/°C. 
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TYPES 2N456A, 2N457A, 2N1021, 2N1022 
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TYPES 2N456A, 2N457A, 2N458A, 2N1021 AND2N1022 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


I PARAMETER 

TYPE 

TEST CONDITIONS 

MIN 


MAX 

UNIT 




V CB 

= — 40 v 

U 

= 0, 25°C 


-1.0 

-2.0 

ma 



2N456A 

VcB 

= -20 v 

Ie 

= 0, 25°C 


-0.2 

—0.5 

ma 




Vcb 

= —40 v 

Ie 

= 0, 71 °C 


-6.0 

—10.0 

ma 




Vcb 

= — 60 v 

Ie 

= 0, 25°C 


-1.0 

-2.0 

ma 



2N457A 

Vcb 

= — 30 v 

Ie 

= 0, 25°C 


-0.2 

—0.5 

ma 




Vcb 

= — 60 v 

Ie 

= 0, 71 °C 


-6.0 

-10.0 

ma 




Vcb 

= — 80 v 

Ie 

= 0,25°C 


-1.0 

-2.0 

ma 

IcBO 

Collector Reverse Current 

2N458A 

Vcb 

= — 40 v 

Ie 

= 0, 25°C 


-0.2 

— 0.5 

ma 




Vcb 

= — 80 v 

Ie 

= 0, 71 °C 


-6.0 

—10.0 

ma 




Vcb 

= — 100 V 

Ie 

= 0, 25°C 


-1.0 

-2.0 

ma 



2N1021 

Vcb 

- — 50 v 

Ie 

= 0, 25°C 


— 0.2 

—0.5 

ma 




Vcb 

= — 100 v 

Ie 

= 0, 71 °C 


-6.0 

-10.0 

ma 




Vcb 

= — 1 20 

Ie 

= 0, 25°C 


-1.0 

-2.0 

ma 



2N1022 

Vcb 

= —60 v 

Ie 

= 0, 25°C 


— 0.2 

-4.5 

ma 




Vcb 

— — 120 v 

Ie 

= 0,71°C 


-6.0 

-10.0 

ma 

•ebo 

Emitter Reverse Current 

All 

Veb 

— — 10 v 

lc 

= 0 


-0.2 


ma 



2N456A 

lc 

= —2 ma 

Ie 

= 0 

-40 



V 



2N457A 

lc 

= —2 ma 

Ie 

= 0 

-60 



V 

BVcbo 

Collector-Base Breakdown Voltage 

2N458A 

lc 

= —2 ma 

Ie 

= 0 

—80 



V 



2N1021 

lc 

= —2 ma 

Ie 

= 0 

-100 



V 



2N1022 

lc 

= —2 ma 

Ie 

= 0 

-120 



V 



2N456A 

lc 

= —500 ma 

Ib 

= 0 

-30 

-40 


V 



2N457A 

lc 

= —500 ma 

Ib 

= 0 

-40 

-50 


V 

BVceo 

Collector-Emitter Breakdown Voltage 

2N458A 

lc 

= —500 ma 

Ib 

= 0 

-45 

—55 


V 



2N1021 

lc 

= —500 ma 

Ib 

= 0 

-50 

-60 


V 



2N1022 

lc 

= —500 ma 

Ib 

= 0 

-55 

-60 


V 



2N456A 

lc 

— — 200 ma 

Rbe 

= 33 n 


-50 


V 



2N457A 

lc 

= —200 ma 

Rbe 

= 33 ft 


—60 


V 

BVcer 

Collector-Emitter Breakdown Voltage 

2N458A 

lc 

= —200 ma 

Rbe 

= 33ft 


-67 


V 



2N1021 

lc 

= —200 ma 

Rbe 

= 33 ft 


-73 


V 



2N1022 

lc 

= —200 ma 

Rbe 

= 33ft 


-78 


V 



2N456A 

lc 

= —200 ma 

Vbe 

= 0 

-50 

-60 


V 



2N457A 

lc 

= —200 ma 

Vbe 

= 0 

—60 

-70 


V 

BVces 

Collector-Emitter Breakdown Voltage 

2N458A 

•c 

= —200 ma 

Vbe 

= 0 

-65 

-78 


V 



2N1021 

lc 

= —200 ma 

Vbe 

= 0 

-70 

-85 


V 



2N1022 

lc 

= —200 ma 

Vbe 

= 0 

-75 

-90 


V 

BVebo 

Emitter-Base Breakdown Voltage 

All 

Ie 

= —2 ma 

lc 

= 0 

-30 



V 




Vce 

= —1.5 v 

lc 

= — 7 a 

22 

47 



Hfe 

DC Forward Current Transfer Ratio 

All 

VcE 

= — 1.5 v 

lc 

= — 5 a 

30 

60 

90 


Vce 

= — 1.5 v 

lc 

= — 3 a 

35 

82 






Vce 

= — 1.5 v 

lc 

= — la 

40 

120 
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TYPES 2N456A, 2N457A, 2N458A, 2N1021 AND2N1022 
P-N-P ALLOY- JUNCTION GERMANIUM POWER TRANSISTORS 


electrical characteristics at 25 °C case temperature 


PARAMETER 

TYPE 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 




V CE = — 1-5 v 

lc 

= —7a 


—1.2 


V 

V BE 

Base-Emitter Voltage 

All 

Vce — — 1*5 v 

lc 

= — 5 a 


—0.9 

—1.5 

V 

V CE — — 1-5 v 

•c 

= — 3 a 


—0.6 


V 




V CE = -1.5 v 

•c 

= — 1 a 


—0.35 


V 




| B = —700 ma 

lc 

= —7a 


-0.3 


V 

VcE(sat) 

Collector-Emitter Saturation Voltage 

All 

l B = —500 ma 

lc 

= — 5 a 


-0.2 

—0.5 

V 

l B = —300 ma 

»c 

= — 3 a 


—0.1 


V 




l B = — 100 ma 

lc 

— —1 a 


—.05 


V 




Vce = — 1*5 v 

lc 

= —7a 


5.7 


mhos 

Yfe 

DC Common-Emitter Forward Transfer 

All 

o= 

II 

I 

Ln 

< 

lc 

= — 5 a 

3.3 

5.5 


mhos 

Admittance 

V CE = -1-5 v 

lc 

= — 3 a 


4.8 


mhos 




Vce = — 1-5 v 

lc 

= — 1 a 


3.0 


mhos 




V CE — —1.5 v 

lc 

= — 7 a 


8 


ohms 

h. E 

DC Common-Emitter Input Impedance 

All 

V CE = -1.5 v 

•c 

= — 5 a 


11 

28 

ohms 

V CE = — 1.5 v 

lc 

= — 3 a 


16 


ohms 




Vce = — 1-5 v 

lc 

= — 1 a 


42 


ohms 

fl 

Internal Cutoff Frequency 
(where | h fe | — 1 ) 

All 

Vce =-2v 

lc 

= — la 

200 

430 


kc 


TYPICAL COMMON— EMITTER BREAKDOWN VOLTAGE CHARACTERISTICS 



I I I _J 

0.01 0.1 1.0 10 

V BE - REVERSE BASE-EMITTER VOLTAGE - v 
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TYPES 2N456A, 2N457A, 2N458A, 2N1021 AND2N1022 
P-N-P ALLOY -JUNCTION GERMANIUM POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


COLLECTOR REVERSE-CURRENT 
CHARACTERISTICS 


GUARANTEED COMMON-EMITTER DC 
FORWARD- CURRENT TRANSFER RATIO VS 
COLLECTOR CURRENT 



COMMON-EMITTER DC FORWARD CURRENT DISSIPATION DERATING 

TRANSFER RATIO, DC INPUT RESISTANCE, AND 
DC FORWARD TRANSFER ADMITTANCE 
VS COLLECTOR CURRENT 




25 30 40 50 60 70 80 90 100 


Tb - Mounting-Base Temperature - °C 
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TYPES 2N456B, 2N457B, 2N458B, 2N1021A AND 2N1022A 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


High-Power Transistors 
for 

Military and Industrial Applications 


mechanical data 

The use of silver alloy to assemble the mounting base and the use of resistance welding to seal the can, 
provide a hermetically sealed enclosure. During the assembly process the absence of flux, combined 
with extreme cleanliness, prevents sealed-in contamination. 

The mounting base provides an excellent heat path from the collector junction to a heat sink which 
must be in intimate contact to permit operation at maximum rated dissipation. 

*The transistors are in a JEDEC TO-3 case. 



* THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 

fThe Tl guaranteed maximum value. DIMENSIONS ARE IN INCHES 



*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

2N456B 2N457B 2N458B 2N1021A 2NI022A 

Collector-Base Voltage 40 v 60 v 80 v 100 v 120 v 


Collector-Emitter Voltage (see Note 1) . . 

Emitter-Base Voltage 

Collector Current 

Base Current 

Total Device Dissipation at (or below) 

25°C Case Temperature (see Note 2) . 

Collector Junction Temperature . . . . 

Storage Temperature Range 

^Indicates JEOEC registered data 

NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. Derate linearly to 4- 100°C case temperature at the rate of 2w/C°. 


30 v 40 v 45 v 50 v 55 v 

+ 30 v ► 

◄ 7 a *» 

◄ 3 a ► 

-4 150 ► 

◄ 1 00°C 

-4 55°C to + 100°C ► 
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TYPES 2N456B, 2N457B, 2N458B, 2N1021A AND 2N1022A 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


electrical characteristics at 25 °C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TYPE 

MIN 

TYP 

MAX 

UNIT 

BVcbo Collector-Base Breakdown Voltage 

l c = - 2 ma, l E = 0 

2N456B 

2N457B 

2N458B 

2N1021A 

2N1022A 

-40 

-60 

-80 

-100 

-120 



V 

BVceo Collector-Emitter Breakdown Voltage 

lc = - 500 ma, l B = 0 
(see Note 3) 

2N456B 

2N457B 

2N458B 

2N1021A 

2N1022A 

— 30* 
-40* 
-45* 
-50* 
-55* 



V 

BVqes Collector-Emitter Breakdown Voltage 

lc — 1 — 200 ma, Vbe — 0 
(see Note 3) 

2N456B 

2N457B 

2N458B 

2N1021A 

2N1022A 

-50* 

-60* 

-65* 

-70* 

-75* 



V 

BVcex Collector-Emitter Breakdown Voltage 

l c = - 2 ma, Vbe = + 0.2 v 

2N456B 

2N457B 

2N458B 

2N1021A 

2N1022A 

-40* 

-60* 

-80* 

-100* 

-120* 



V 

BVebo Emitter-Base Breakdown Voltage 

Ie — — 2 ma, l c = 0 

All 

-30 



V 

Icbo Collector Cutoff Current 

V CB = — 20 v, l E = 0 

V CB = — 40 v, l E = 0 

V CB = — 40 v, l E = 0, T c = 70°C 

2N456B 



-0.5* 

-2.0* 

-7.0* 

ma 

Vcb = — 30 v, l E — 0 

V CB = — 60 v, l E = 0 

V CB — — 60 v, I E = 0, T c = 70°C 

2N457B 



-0.5* 

-2.0* 

-7.0* 

ma 

Vcb = — 40 v, l E = 0 

V C b = — 80 v, l E = 0 

Vcb = — 80 v, l E = 0, T c = 70°C 

2N458B 



-0.5* 

-2.0* 

-7.0* 

ma 

V CB — — 50 v, l E = 0 

V CB = — 100 v, l E = 0 

V CB = — 100 v, l E = 0, T c = 70°C 

2N1021A 



-0.5* 

-2.0* 

-7.0* 

ma 

V CB = — 60 v, l E = 0 

V CB = — 120 v, l E = 0 

V CB = — 1 20 v, | E = 0, T c = 70°C 

2N1022A 



-0.5* 

-2.0* 

-7.0* 

ma 

Iebo Emitter Cutoff Current 

V EB = — 30 v, l c = 0 

All 



-2.0* 

ma 

h FE Static Forward Current Transfer Ratio 

V CE == — 1 .5 v, l c = -7a 

V C e = — 1.5 v, l c = — 5 a 

V C e = “1.5v, l c — — 3 o 

V CE = — 1.5 v, l c =-la 

All 

22* 

30* 

35* 

40* 

45 

55 

60 

100 

90* 

- 

Vbe Base-Emitter Voltage 

V ce = -1.5v, l c = — 7 a 

V ce = -1.5v, l c = — 5 a 

V CE == — 1.5 v, ! c = — 3 a 

V C e = -1.5v, l c = - 1 a 

All 


-1.2 

-0.9 

-0.7 

-0.4 

-1.5* 

V 

VcE(s«t) Collector-Emitter Saturation Voltage 

l B = - 700 ma, l c = — 7 a 
l B = - 500 ma, l c = -5 a 
l B = -300 ma, l c — - 3 a 
l B = - 100 ma, l c = - 1 a 

All 


-0.3 

-0.2 

-0.1 

-.05 

-0.5* 

V 

ft Transition Frequency 

Vce — — 2 v, | c = — 1 a 
(see Note 4) 

All 

200* 



kc 


’"Indicates JEDEC registered data. 


NOTES: 3. If the transistor is tested without a heat sink, perform this test with a TOO msec current pulse and a duty cycle less than 2%. 

4. To obtain f T , the |h f J response with frequency is extrapolated at the rate of — 6 db/octave from f = 100 kc to the frequency at which |h fe | = 1. 
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TYPES 2N456B, 2N457B, 2N458B, 2N1021A AND 2N1022A 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


switching characteristics at 25 °C case temperature 


PARAMETER 

TEST CONDITIONS'!* 

2N456B, 2N457B, 2N458B, 
2N1021A, 2N1022A 

UNIT 

MIN 

TYP 

MAX 

Delay Time 

Ic — — 5 a, l B (i) = — 0.5 a, V B E( 0 ff) = 9 v 

R L = 4H 
(See Figure Below) 


07 


fx sec 

t r Rise Time 


5 


[x sec 

t, Storage Time 


2 


fx sec 

tf Fall Time 


15 


//.sec 

t T Total Switching Time 


227 


fxse c 


fVoltage and current values shown are nominal; exact values vary slightly with device parameters. 


PARAMETER MEASUREMENT INFORMATION 


VOLTAGE WAVEFORMS 



INPUT 



OUTPUT 


Test 

V BB 

V,n 

Turn-On (t d/ t r ) 

+9 v 

-llv 

Turn-Off (t $/ t f ) 

-21 v 

+ 9v 


1. Relay S, has mercury wetted contacts and provides rise times less than 1/10 of the switching times measured. 

2. Duty cycle of S, is such that the transistor is OM 4 msec and OFF 12 msec in both turn-on and turn-off tests. 

3. Waveforms monitored on scope with following characteristics: (a) Rise time 14 nsec max, (b) Input capacitance 11.5 pf max, (c) Input resistance 10 megohms min. 

4. All resistors 5% tolerance, noninductive type. 


TYPICAL CHARACTERISTICS 


COMMON -EMITTER COLLECTOR 
CHARACTERISTICS 
(Active Region) 



COMMON -EMITTER COLLECTOR 
CHARACTERISTICS 



0 -0.2 -0.4 -0.6 -0.8 -1.0 

V CE — Col lector- Emitter Voltage — v 
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Collector Cutoff Current — ma h FE — Static Forward Current Transfer Ratio 





TYPES 2N456B, 2N457B, 2N458B, 2N1021A AND 2N1022A 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 
vs 

COLLECTOR CURRENT 


HMU 

■n 

— ■■■ 

■■a 

BH 

BOB 

jn 


an 



■MM 

mam 



!■ 




- 0.5 - 1.0 - 2.0 - 5 . 0 - 7.0 

l c — Collector Current — a 


BASE- EMITTER VOLTAGE 
vs 

COLLECTOR CURRENT 




*25 



l c — Collector Current — a 


COLLECTOR CUTOFF CURRENT 
vs 

COLLECTOR-BASE VOLTAGE 


COLLECTOR CUTOFF CURRENT 
vs 

COLLECTOR-BASE VOLTAGE 








i/ 
> / 

I 

- / 


*V / 

/ 4 

A 

$/\ 
7 A 

/ 


r 
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Maximum Total Device Dissipation 


TYPES 2N456B, 2N457B, 2N458B, 2N1021A AND 2N1022A 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


THERMAL CHARACTERISTICS 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



FREE-AIR TEMPERATURE 



0 25 50 75 100 

T a — Free- Air Temperature — W C 



PEAK- POWER RATING CURVE 



Figure 1 
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TYPES 2N456B, 2N457B, 2N458B, 2N1021A AND 2N1022A 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


THERMAL INFORMATION 



TABLE I 


HEAT SINK 


Type 

Dimensions 

Bright Copper 

4" x 4" x 1/8" 

3.8 C°/w 

6" x 6" x 1/8" 

2.2 C°/w 

8" x 8" x 1 /8" 

1.8 C°/w 

10" x 10" x 1/8" 

1.4 C°/w 

Bright Aluminum 

4" x 4" x 1/8" 

6.5 C°/w 

6" x 6" x 1/8" 

4.5 C°/w 

8" x 8" x 1/8" 

3.5 C°/w 

10" x 10" x 1/8" 

2.8 C°/w 

Delbert Blinn #113 
or Modine 1E1155B, 
Unfinished (or Equivalents) 


3.7 C°/w 

Delbert Blinn #113 
or Modine 1E1155B, Black 
Anodized (or Equivalents) 


3.2 C°/w 


t$HS-A ore typical values based on convection cooling; plates and fins 
mounted in vertical position. 


ijlAII transistors mounted in the center of the heat sink with two 6-32 
screws at 6 inch -pounds of torque. 


TABLE II 


DEFINITION OF TERMS 


Symbol 

Definition 

Unit 

Value 

h 

Average Power Dissipation 

w 


Pt 

Peak Power Dissipation 

w 


0J-C 

Junction-to-Case Thermal Resistance 

C°/ w 

0.5 

0J-A 

Junction-to-Ambient Thermal Resistance 

C°/w 

42.8 

flc-A 

Case-to-Ambient Thermal Resistance 

C°/w 

42.3 

t#C-HS 

Case-to-Heat Sink Thermal Resistance — 
Typical w/o DC-11 Grease 

C°/w 

0.65 

Typical with DC-11 Grease 

0.45 

$HS-A 

Heat-Sink Thermal Resistance 

C’/w 

see 

Table 1 

t a 

Ambient Temperature 

C° 


Tj 

Average Junction Temperature 

C° 


T i 

Peak Junction Temperature 

C° 


\ 

Case Temperature 

C° 


K 

Peak-Power Coefficient 


see 

Fig. 1 

*w 

Pulse Width 

msec 


f P 

Pulse Period 

msec 


d 

Duty Cycle (t w /t p ) 




The PEAK-POWER RATING CURVE shows the ratio of maximum instantaneous junction -to-case temperature rise at any pulse width and duty cycle to the 
rise which occurs at 100% duty cycle. Use of this curve is best explained by the equations and examples below. See Table II for a definition of terms. 


Equation No. 1 — Application: D.C. power dissipation, heat sink used. 
T.-T 


J- 'A 


0J-C “f - $C-HS + $H$-A 


Equation No. 3 — Application: Peak power dissipation, heat sink used. 

Ti -Ta 

Pt = - 


'I ~ 'A 


d (#C-HS $HS-a) “1“ K 0J-i 


J-C 


Equation No. 2 — Application: D.C. power dissipation, no heat sink used. 

Tj — T* 


1 J A 


0J-A 


Equation No. 4 — Application: Peak power dissipation, no heat sink used. 

o = T? ~ Ta 
T d $C-A * $J-C 


Example A — Find Pjf max) 

OPERATING CONDITIONS: 

Heat Sink = 4" x 4 " x 1/8" copper, 0 HS . A == 3 ® C°/ w 
T J(max) ( deii 9 n limit) = 100 C° 

T a = 30 C° 
d = 100% (1.0) 

with DC-11 grease, 0 C _ HS = 0.45 C°/w 


SOLUTION: 

By use of equation No. 1 

p = T J|max) - T A 

T(max) 0j. c + 0c-HS + #HS-A 

100 — 30 

PT(maxl ” 0.5 + 0.45 + 3 8 ~ 147 W 


Example B - Find p T(max) 

OPERATING CONDITIONS: 

Heat Sink = 8" x 8" x 1/8" copper, 

e HS .A = 1 » f/« 

with DC -11 grease, 0 C _ H $ = 0.45 C °/w 
T j(max) ( des, 9 n limit) = 100 C° 

T A = 35 C ° 
d = 5% (0.05) 
t w = 40 msec 


SOLUTION: 

From Figure 1, Peak-Power Coefficient, 

K = 0.2, and by use of equation No. 3 

Tj (maxi — T a 

"Ti™*! - J <0 c .HS + 0HS-A) + « 0J-C 

100 - 35 _ 

p T(maxl — fl 05 (0 -45 -f 1.8) -f 0.2 (0.5) “ 
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TYPES 2N511, 2N511A, AND 2N511B 
P-N-P ALLOY-JUNCTION GERMANIUM HIGH-POWER TRANSISTORS 


40, 60 or 80 VOLTS 
10 -AMP COLLECTOR CURRENT 
150 -WATT DISSIPATION 
LOWI co LOW V BE 
LOW THERMAL RESISTANCE 
for 

HIGH -POWER CONVERSION • HIGH- CURRENT SWITCHING 
AUDIO AMPLIFIER OUTPUT STAGES 



mechanical data 

The use of high-temperature silver solder to assem- 
ble the mounting base and the use of projection 
weld to seal the can provide a hermetically sealed 
enclosure which can withstand up to 300 psi. Dur- 
ing the assembly process the absence of flux and 
soft solder, combined with extra cleanliness, pre- 
vents sealed-in contamination. 


The mounting base provides an excellent heat path 
from the collector junction, which is electrically 
attached to the mounting base, to a heat sink 
which must be tightly attached to permit operation 
at maximum rated dissipation. The approximate 
weight of the unit is 17.6 grams. 


RECOMMENDED 

COLLECTOR 

CONNECTION 



0.161 
0.151 

BASE 

0.100 MAX DIA EMITTER 

0.100 MAX DIA 
0.160 MAX 


DIA 2 HOLES 


6-32 SCREW 
© ®H-6-32 NUT 

^ SPRING LOCK WASHER 

FIBER INSULATING 
WASHERS (OPTIONAL) 

— INSULATING WAFER. (OPTIONAL) 


0.060 MAX DIA - 


i — 0.045 MAX DIA 



COLLECTOR IS COMMON TO CASE 



absolute maximum ratings for all devices at 25°C mounting-base temperature 

(unless otherwise noted)* 


Collector Current 25a 

Base Current 5a 

Total Device Dissipation** 150w 

Collector Junction Temperature 100°C 

Storage Temperature Range —55 to +100°C 

Thermal Resistance 0.5 °C/w 


* Maximum voltage ratings not specified because exceeding breakdown voltages will not permanently damage transistor 
characteristics so long as other maximum ratings are not exceeded. 

**Derate at 2.0 w/°C. 
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TYPES 2N511, 2N511A, AND 2N511B 

P-N-P ALLOY- JUNCTION GERMANIUM HIGH-POWER TRANSISTORS 


electrical characteristics at 25°C mounting-base temperature (unless otherwise noted) 


PARAMETER 

TYPE 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Icbo Collector Reverse-Current, 71 0 

2N511 

Vcb ~ 40 V Ie — 0 



—15.0 

ma 

2N511A 

V CB = — 60 v l E =0 



-15.0 

ma 

2N511B 

V CB = — 80v l E = 0 



-15.0 

ma 

Icbo Collector Reverse -Current 

2N511 

Vcb ~ — 40 v Ie — 0 

Vcb =-20v I e = 0 


—2.4 

-0.6 

—5.0 

-2.0 

ma 

ma 

2N511A 

Vcb =-60v I e =0 

V C b = — 30 v l E = 0 


—2.4 

-0.5 

—5.0 

-2.0 

ma 

ma 

2N511B 

V CB = — 80 v l E = 0 

V CB = — 40 v l E = 0 


—2.4 

—0.5 

—5.0 

—2.0 

ma 

ma 

Iebo Emitter Reverse-Current 

All 

V E b ~ — 30 v lc = 0 


—1.5 

-5.0 

ma 

All 

V EB = — 15 v lc =0 


-0.5 


ma 

BVcbo Collector-Base Breakdown Voltage 

2N511 

l c == — 5 ma l E =0 

-40 



V 

2N511A 

-60 



V 

2N511B 

-80 



V 

BVceo Collector-Emitter Breakdown Voltage 

2N511 

lc == — 500 ma 1 b z 0 

—30 

—40 


V 

2N511A 

-40 

-50 


V 

2N511B 

-45 

-55 


V 

BVces Collector-Emitter Breakdown Voltage 

2N511 

lc = — 300 ma Vbe — 0 

—50 

-60 


V 

2N511A 

-60 

-70 


V 

2N511B 

-65 

-80 


V 

BVcer Collector-Emitter Breakdown Voltage 

2N511 

l c = — 300 ma R be = 100 ohms 


—45 


V 

2N511A 


-55 


V 

2N511B 


—65 


V 

BV E bo Emitter-Base Breakdown Voltage 

All 

l E = — 5 ma l c - 0 

-30 

-60 


V 

hpE DC Forward-Current Transfer Ratio 

All 

V CE = — 2 v lc = — 10 a 

20 

25 

60 

- 

V B e Base-Emitter Voltage 

All 

V CE — — 2 v l c = — 10 a 



—2.0 

V 

Vcem) Collector-Emitter Saturation Voltage 

All 

l B = —1.5 a | c = — 10 a 


-0.25 

—0.5 

V 

y F E DC Common-Emitter Forward Transfer 

Admittance 

All 

V CE = — 2 v l c = — 10 a 

5 



mhos 

f T Internal Cutoff Frequency 

(where h fe | =1) 

All 

Vce =— 2v lc =— la 


260 


kc 
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TYPES 2N511, 2N511 A, AND 2N511B 
P-N-P ALLOY-JUNCTION GERMANIUM HIGH-POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 



0 -10 -20 -30 -40 -50 -60 -70 -80 

V C! - COLLECTOR-BASE VOLTAGE - v 



COMMON-EMITTER DC FORWARD-CURRENT TRANSFER RATIO 
DC FORWARD TRANSFER ADMITTANCE AND DC INPUT RESISTANCE 
VS COLLECTOR CURRENT 
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TYPES 2N511, 2N511A, AND 2N511B 

P-N-P ALLOY-JUNCTION GERMANIUM HIGH-POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 



0.01 0.1 1.0 10 

V BE - REVERSE BASE-EMITTER VOLTAGE - v 


6 


1 10 100 IK 10K 100K 

Rue - BASE-EMITTER RESISTANCE - ohms 


THERMAL INFORMATION 



25 30 40 50 60 70 80 90 100 

T B - Mounting -Base Temperature - °C 
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TYPES 2N512, 2N512A, AND 2N512B 
P-N-P ALLOY-JUNCTION GERMANIUM HIGH-POWER TRANSISTORS 


40, 60, or 80 VOLTS 
15 -Amp Collector Current 
150-Watt Dissipation 
LOWI co LOW V B£ 

LOW THERMAL RESISTANCE 
for 

HIGH-POWER CONVERSION • HIGH-CURRENT SWITCHING 
AUDIO AMPLIFIER OUTPUT STAGES 



mechanical data 

The use of high-temperature silver solder to assem- 
ble the mounting bas6 and the use of projection 
weld to seal the can provide a hermetically sealed 
enclosure which can withstand up to 300 psi. Dur- 
ing the assembly process the absence of flux and 
soft solder, combined with extra cleanliness, pre- 
vents sealed-in contamination. 


The mounting base provides an excellent heat path 
from the collector junction, which is electrically 
attached to the mounting base, to a heat sink 
which must be tightly attached to permit operation 
at maximum rated dissipation. The approximate 
weight of the unit is 17.6 grams. 


RECOMMENDED 

COLLECTOR 

CONNECTION 


0.151 

0.100 MAX DIA 
0.100 MAX DIA 
0.160 MAX 



0.060 MAX DIA - 


0.045 MAX DIA 


6-32 SCREW 

©K-6-32 NUT 

SPRING LOCK WASHER 
FIBER INSULATING 
WASHERS (OPTIONAL) 

— INSULATING WAFER (OPTIONAL) 
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COLLECTOR IS COMMON TO CASE 


absolute maximum ratings for all devices at 25°C mounting-base 

Collector Current 

Base Current 

Total Device Dissipation** 

Collector Junction Temperature 

Storage Temperature Range 

Thermal Resistance 


temperature 

(unless otherwise noted)* 

25a 

5a 

. • .* 150w 

100°C 

—55 to -j-100°C 

0.5°C/w 


♦Maximum voltage ratings not specified because exceeding breakdown voltages will not permanently damage transistor 
characteristics so long as other maximum ratings are not exceeded. 

**Derate at 2.0 w/°C. 
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TYPES 2N512, 2N512A, AND 2N512B 

P-N-P ALLOY-JUNCTION GERMANIUM HIGH-POWER TRANSISTORS 


electrical characteristics at 25°C mounting -base temperature (unless otherwise noted) 


PARAMETER 

TYPE 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 


2N512 

V CB = — 40 v l E =0 



-15.0 

ma 

| CB0 Collector Reverse-Current, 71 0 

2N512A 

Vcb = — 60 v Ie ~ 0 



-15.0 

ma 


2N512B 

Vcb ~ — BO v Ie — 0 



-15.0 

ma 

Icbo Collector Reverse-Current 

2N512 

Vcb — —40 v l E - 0 

V CB = — 20 v l E - 0 


—2.4 

—0.6 

—5.0 

-2.0 

ma 

ma 

2N512A 

Vcb — — 60 v Ie = 0 

Vcb — — 30 v l E = 0 


—2.4 

-0.6 

—5.0 

—2.0 

ma 

ma 

2N512B 

Vcb = — 80 v l E = 0 

Vcb = — 40 v Ie — 0 


—2.4 

—0.6 

—5.0 

-2.0 

ma 

ma 

l EBO Emitter Reverse-Current 

All 

Veb = — 30 v 1 c = 0 


—1.5 

-5.0 

ma 

All 

V e8 = — 15 v l c =0 


-0.5 


ma 

BVcbo Collectcr-Base Breakdown Voltage 

2N512 

lc = — 5 ma l E — 0 

-40 



V 

2N512A 

—60 



V 

2N512B 

-80 



V 

BVceo Collector-Emitter Breakdown Voltage 

2N512 

lc — —500 ma l B =0 

—30 

—40 


V 

2N512A 

—40 

—50 


V 

2N512B 

—45 

-55 


V 

BV C es Collector-Emitter Breakdown Voltage 

2N512 


—50 

—60 


V 

2N512A 

lc = —300 ma V BE = 0 

—60 

—70 


V 

2N512B 


—65 

—80 


V 

BV C er Collector-Emitter Breakdown Voltage 

2N512 



—45 


V 

2N512A 

lc — — • 300 ma R BE — 100 ohms 


—55 


V 

2N512B 



-65 


V 

BV E bo Emitter-Base Breakdown Voltage 

All 

l E = — 5 ma lc = 0 

-30 

-60 


V 

hfE DC Forward Current Transfer Ratio 

All 

V CE = — 2 v lc =-15 a 

20 


60 

- 

V BE Base-Emitter Voltage 

All 

V CE = — 2 v l c = —15 a 



-2.0 

V 

VcE(sat) Collector-Emitter Saturation Voltage 

All 

Is =-2.25 a lc = —15 a 


-0.5 

-1.0 

V 

Yfe DC Common-Emitter Forward Transfer 

Admittance 

All 

V CE =— 2v l c =-15 a 

7.5 



mhos 

f T Internal Cutoff Frequency 

(where 1 h fe 1 = 1) 

All 

V CE = — 2 v lc = — la 


280 


kc 
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TYPES 2N512, 2N512A, AND 2N512B 
P-N-P ALLOY-JUNCTION GERMANIUM HIGH-POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 



0 -10 -20 -30 -40 -50 -60 -70 -80 

V c , - COLLECTOR-BASE VOLTAGE - v 


6 


COMMON-EMITTER DC FORWARD-CURRENT TRANSFER RATIO, 
DC FORWARD TRANSFER ADMITTANCE AND DC INPUT RESISTANCE 
VS COLLECTOR CURRENT 
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TYPES 2N512, 2N512A, AND 2N512B 

P-N-P ALLOY-JUNCTION GERMANIUM HIGH-POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 



Q 1 I I I I 11 111 I I I I II Ml I 1 I I II 111 

0.01 0.1 1.0 10 


V BE - REVERSE BASE-EMITTER VOLTAGE -v 


1 10 100 IK 10K 100K 

Rbe - BASE-EMITTER RESISTANCE - ohms 


THERMAL INFORMATION 



25 30 40 50 60 70 80 90 100 

Tg - Mounting -Base Temperature - °C 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 




TYPES 2N1038, 2N1039, 2N1040, 2N1041 • 2N2552, 2N2553, 
2N2554, 2N2555 • 2N2556, 2N2557, 2N2558, 2N2559 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


40-, 60-, 80- , or 100-VOLT UNITS 
20 WATTS AT 25°C CASE TEMPERATURE 
Choice of TO-5, Stud, or Hex Package 
Guaranteed Beta at 1 amp and 50 ma l c 


Guaranteed I C ex at 85 °C 
LOW r cs • LOW l CBO • LOW V BE 
for 

RELAY DRIVERS • PULSE AMPLIFIERS 
SERVO AMPLIFIERS • AUDIO AMPLIFIERS 


mechanical data 

The transistors are in hermetically sealed, resistance-welded cases with glass-to-metal seals between case 
and leads. These devices are available in (1) a round TO-5 package weighing approximately 2.4 
grams (2N1038 series), (2) a stud heat-sink package which weighs approximately 5.4 grams (2N2552 
series) and (3) a hexagonal flanged-nut heat-sink package which weighs approximately 8.6 grams 
(2N2556 series). Mounting hardware available is shown on page 8. 



♦Indicates JEDEC Registered Data. 
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TYPES 2N1038 THRU 2N1041, 2N2552 THRU 2N2559 
BULLETIN NO. 683397, JULY 1963 
REVISED FEBRUARY 1968 



TYPES 2N1038, 2N1039, 2N1040, 2N1041 • 2N2552, 2N2553, 
2N2554, 2N2555 • 2N2556, 2N2557, 2N2558, 2N2559 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


^absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

'X 


Col lector- Base Voltage 

Collector-Emitter Voltage (see Note 1) . . 

Emitter-Base Voltage 

Collector Current 

Base Current 

Total Device Dissipation at (or below) 25°C 
Case Temperature (see Note 2) . . . 

Operating Case Temperature Range . . . 

Storage Temperature Range 


2N1038 

2N1039 


2N1040 

2N1041 

2N2552 

2N2553 


2N2554 

2N2555 

2N2556 

2N2557 


2N2558 

2N2559 

40 v 

60 v 


80 v 

100 v 

40 v 

60 v 


80 v 

100 v 



20 

V 


^ 


3 

n 









1 

n 


< 


20 

W 

> 


< — - 55°C to + 100°C 

< — 55°C to + 100°C 


NOTES: 1. This value applies when base-emitter voltage V BE = + 0.2 v. 

2. Derate linearly to + I00°C case temperature at the rate of 267 mw/C°. 



electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TYPE 

MIN 

TYP 

MAX 

UNIT 

Collector-Base 

BVcbq Breakdown 

Voltage 

l c = — 650 fxa, l E = 0 

2N1038 

2N2552 

2N2556 

— 40 



V 

2N1039 

2N2553 

2N2557 

-60 



2N1040 

2N2554 

2N2558 

-80 



2N1041 

2N2555 

2N2559 

-100 



Collector-Emitter 
*BV ceo Breakdown 

Voltage 

l c = — 100 ma, l B = 0 

2N1038 

2N2552 

2N2556 

-30 



v 

2N1039 

2N2553 

2N2557 

— 40 



2N1040 

2N2554 

2N2558 

-50 



2N1041 

2N2555 

2N2559 

-60 




'"Indicates JEDEC Registered Data. 
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TYPES 2N1038, 2N1039, 2N1040, 2N1041 • 2N2552, 2N2553, 
2N2554, 2N2555 • 2N2556, 2N2557, 2N2558, 2N2559 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TYPE 

MIN 

TYP 

MAX 

UNIT 

Collector 

*l C BO Cu,off 

Current 

V cb = -20v, I e = 0 

2N1038 

2N2552 

2N2556 



-125 

/xa 

V cb = -30v < I e = 0 

2N1039 

2N2553 

2N2557 

V CB = — 40 v, l E = 0 

2N1040 

2N2554 

2N25S8 

V CB = -50 v. l E =:0 

2N1041 

2N255S 

2N2559 

Collector 

*' C EO Cut ° ff 

Current 

V ce = -15v, I b = 0 

2N1038 

2N2552 

2N2556 



-25 

ma 

V CE = -20 v. l B = 0 

2N1039 

2N2S53 

2N2557 



-20 

V CE r=-25v, l B = 0 

2N1040 

2N2554 

2N2558 



-20 

V CE = — 30 v, l B = 0 

2N1041 

2N2555 

2N2559 



-20 

Collector 

**CEX Cutoff 

Current 

^CE ~ 40 v, = +0.2» 

2N1038 

2N2552 

2N2556 



— 650 

/*• 

V CE = — 60 v, V BE = 4- 0.2 v 

2N1039 

2N2553 

2N2557 

V C e = -80v, 9* = + 0.2 v 

2N1040 

2N2554 

2N2558 

V CE = — 100 v, V re = 4- 0.2 v 

2N1041 

2N255S 

2N2559 


V CE — — 20 v, V re = + 0.2, 
T c = 4 85°C 

2N1038 

2N2552 

2N2556 



-5 

ma 

Collector 

**CEX Cutoff 

Current 

V CE = - 30 y, Vjj = 4 0.2 , 
T c = 4 85° C 

2N1039 

2N2553 

2N2557 

C 

o 

f'i 

4- < 

II 

4- 

2N1040 

2N2554 
: 2N2558 

V C e = -50v, V K = 4 0.2 v 

T c = + 85°C 

2N1041 

2N25S5 

2N25S9 

*Ie 80 Emitter Cutoff Current 

V EB — — 20 v, l c = 0 

All 



-650 

[xa 


♦Indicates JEDEC Registered Data. 
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TYPES 2N1038, 2N1039, 2N1040, 2N1041 • 2N2552, 2N2553, 
2N2554, 2N2555 • 2N2556, 2N2557, 2N2558, 2N2559 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TYPE 

MIN 

TYP 

MAX 

UNIT 

^ Static Common Emitter 

IE Input Impedance 

V CE = - 0.5 v, l c = — 1 a 
(see Note 3) 

All 



60 

ohm 

^ Static Forward 

FE Current Transfer Ratio 

V CE = -0.5 v, l c = —1 a 
(see Note 3) 

All 

20 


60 


V CE = —0.5 v, l c = — 50 ma 

All 

33 


200 

^ Static Forward 

FE Current Transfer Ratio 

V CE = — 0.5 v, l c = — 1 a 

T c = — 55°C (See Note 3) 

All 

15 


60 


V CE = — 0.5 v, l c =: — 1 a 

T c = + 8S°C 

All 

20 


75 

Static Common-Emitter 
ypE Forward Transfer Admittance 

V C£ = -0.5 v, l c = — 1 a 
(see Note 3) 

All 

1.0 



mho 

*V BE Base-Emitter Voltage 

V CE = -0.5 v, l c = -1 a 
(see Note 3) 

All 



-1.0 

V 

V BE Base-Emitter Voltage 

V CE = - 0.5 v, l c = — 50 ma 

All 



-0.35 

V 

Collector-Emitter 

C E (sat) Saturation Voltage 

l B = — 100 ma, l c = — 1 a 
(see Note 3) 

All 



-0.25 

V 

^ Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V ce = -1.5v, l c =-0.5a 
f — 1 kc 

All 

18 


72 


| Small-Signal Common-Emitter 

* e Forward Current Transfer Ratio 

V CE — — 1-5 v, l c = -0.5a 
f = 112.5 kc 

All 

2.0 




^ Common-Base Open-Circuit 

ob Output Capacitance 

V CB = — 6 v, l E = 0 

f = 135 kc , 

All 


100 


Pf 


NOTES: 3. Measurements are made with voltage sensing contacts located 0.2S inch from header of transistor. 

Voltage sensing contacts are separate from current carrying contacts. 

’Indicates JEDEC Registered Data. 


switching characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONSf 

TYPICAL 

UNIT 

t d Delay Time 

l c = -la 

V B£(o1f| = 7 4 y 

R l = 29 n 

(See circuit on Page 8) 

0.18 

H sec 

t r Rise Time 

0.47 

H sec 

t, Storage Time 

0.5? 

H sec 

tf Fall Time 

1.21 

/i$ec 

t T Total Switching Time 

245 

/tsec 


fVoltage and current values are nominal; exact values vary slightly with device parameters. 


6-22 


Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 


971 




TYPES 2N1038, 2N1039, 2N1040, 2N1041 • 2N2552, 2N2553, 
2N2554, 2N2555 • 2N2556, 2N2557, 2N2558, 2N2559 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 

TYPICAL CHARACTERISTICS 


COMMON -EMITTER COLLECTOR 
CHARACTERISTICS 



0 - 0.2 - 0.4 - 0.6 - 0.8 - 1.0 

V CE — Col lector- Emitter Voltage — v 


COMMON -EMITTER COLLECTOR 
CHARACTERISTICS 



V CE — Collector- Emitter Voltage — v 


6 


COMMON -EMITTER TRANSFER 



- 0.2 - 0.4 

— Base- Emitter Voltage — v 


- 0.6 


STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



■ 0.01 - 0.05 - 0.1 - 0.5 - 1.0 - 3.0 

l c — Collector Current — a 
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TYPES 2N1038, 2N1039, 2N1040, 2N1041 • 2N2552, 2N2553, 
2N2554, 2N2555 • 2N2556, 2N2557, 2N2558, 2N2559 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 



STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



-75 -50 -25 0 25 50 75 100 

• T c — Case Temperature — °C 


BASE-EMITTER VOLTAGE 


vs 



-75 -50 -25 0 25 50 75 100 


T c — Case Temperature — °C 


a> 



COLLECTOR-EMITTER SATURATION VOLTAGE 


vs 



-75 -55 -25 0 25 50 75 100 


T c — Case Temperature — °C 


COLLECTOR CUTOFF CURRENT 
vs 

BASE-EMITTER RESISTANCE 
and 



10 50 100 500 Ik 5k 10 k 

R be — Base-Emitter Resistance — ohm 

+ 0.01 +0.05 +0.1 +0.5 +1.0 

V BE — Base- Emitter Voltage — v 
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TYPES 2N1038, 2N1039, 2N1040, 2N1041 • 2N2552, 2N2553, 
2N2554, 2N2555 • 2N2556, 2N2557, 2N2558, 2N2559 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


COLLECTOR CUTOFF CURRENT 


SMALL-SIGNAL COMMON -EMITTER 
FORWARD CURRENT TRANSFER RATIO 


(2 N 1038) 0 
(2N1039) 0 
(2N1040) 0 
(2N1041) 0 



COLLECTOR CURRENT 


- 8 
-12 
-16 
-20 


-16 

-24 

-32 

-40 


-24 

-36 

-48 

-60 


-32 

-48 

-64 

-80 


- 40 

- 60 
- 80 
-100 



V CE — Col lector- Emitter Voltage — v 


THERMAL CHARACTERISTICS 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



0 25 50 75 100 

T c — Case Temperature — °C 


FREE-AIR TEMPERATURE 



0 25 50 75 100 

T a — Free-Air Temperature — °C 
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TYPES 2N1038, 2N1039, 2N1040, 2N1041 • 2N2552, 2N2553, 
2N2554, 2N2555 • 2N2556, 2N2557, 2N2558, 2N2559 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 

PARAMETER MEASUREMENT INFORMATION 


SWITCHING TEST CIRCUIT VOLTAGE WAVEFORMS 



NOTES: a. The input waveform has the following characteristics: t r <C 10 nsec, t f < 10 nsec, PW = 1.6 msec, Duty Cycle = 10%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 14 nsec, R in 10 M fi , C jn <11.5 pf. 

c. Resistors must be non-inductive types. 


MOUNTING HARDWARE INFORMATION 



NO. 10-32 UNF-2B THREAD 


0.07 ±0.01 ~H 
0.03 ±0.01 



IF ISOLATION WASHERS ARE USED THE NOTE: 

CHASSIS HOLE SHOULD BE 1/4 DIA THE ORIENTATION OF THE LEADS 

IF ISOLATION WASHERS ARE NOT USED IN RELATION TO THE HEX FLATS ' 

THE CHASSIS HOLE SHOULD BE 13/64 DIA is NOT CONTROLLED 
NO. 10-32 UNF-2A 
THREAD 


200 ± 0.010 
0.100 ± 0.010 
BASE 

COLLECTOR 
EMITTER 


0.245+0.005 

ELECTRICAL ISOLATION WASHERS 
OUTSIDE DIA. 0.53 ±0.01 
INSIDE DIA. 0.20 ± 0.01 



2N2552 SERIES 


0.500 d 
0.093 a 


0.015- 

0 . 010 - 


NOTE: 

THE ORIENTATION OF 
THE LEADS IN RELATION 
TO THE HEX FLATS 
IS NOT CONTROLLED 


0.550 MAX— | 


- 2A THREAD 
0.003 



ELECTRICAL ISOLATION WASHERS 
OUTSIDE DIA. 0.89 ± 0.01 
INSIDE DIA. 0.51 ±0.01 


00 ± 0.010 
EMITTER 
0.100 ± 0.010 



0.750 ±0.010 
TYP 


Vi-20 UNF 
THREAD 

0.187 ±0.010 

0.03 ± 0.01 
0.07 ± 0.01 

IF ISOLATION WASHERS ARE USED THE CHASSIS HOLE SHOULD BE 37/64 DIA 
IF ISOLATION WASHERS ARE NOT USED THE CHASSIS HOLE SHOULD BE 1/2 DIA 

2N2556 SERIES 


6-26 Texas Instruments 

INCORPORATED 


PRINTED IN U.S A 
Tl cannot assume any responsibility for any circuits shown 
or represent that they are free from patent infringement. 


971 


POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 



TYPES 2N1042, 2N1043, 2N1044, 2N1045 • 2N2560, 2N2561, 
2N2562, 2N2563 • 2N2564, 2N2565, 2N2566, 2N2567 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


40-, 60-, 80- , or 100-VOLT UNITS 
20 WATTS AT 25°C CASE TEMPERATURE 
Choice of TO-5 r Stud, or Hex Package 
Guaranteed Beta at 3 amps and 50 ma l c 


Guaranteed I C ex at 85 °C 
LOW r cs • LOW l CB0 • LOW V BE 
for 

RELAY DRIVERS • PULSE AMPLIFIERS 
SERVO AMPLIFIERS * AUDIO AMPLIFIERS 


mechanical data 

The transistors are in hermetically sealed, resistance-welded cases with glass-to-metal seals between case 
and leads. These devices are available in (1) a hexagonal flanged-nut heat-sink package which 
weighs approximately 8.6 grams (2N1042 series), (2) a stud heat-sink package which weighs approxi- 
mately 5.4 grams (2N2560 series) and (3) a round TO-5 package weighing approximately 2.4 
grams (2N2564 series). Mounting hardware available is shown on page 8. 



♦Indicates JEDEC Registered Data. 


971 


Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 


6-27 


TYPES 2N1042 THRU 2N1045, 2N2560 THRU 2N2567 
BULLETIN NO. DL-S 693398, JULY 1963 
REVISED JANUARY 1969 




TYPES 2N1042, 2N1043, 2N1044, 2N1045 • 2N2560, 2N2561, 
2N2562, 2N2563 • 2N2564, 2N2565, 2N2566, 2N2567 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


* absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage 

Collector-Emitter Voltage (see Note 1) . . . . 

Emitter- Base Voltage 

Collector Current 

Base Current 

Total Device Dissipation at (or below) 2 5°C 

Case Temperature (see Note 2) 

Operating Case Temperature Range 

Storage Temperature Range 


2N1042 

2N1043 

2NT044 

2N1045 

2N2560 

2N2561 

2N2562 

2N2563 

2N2564 

2N2565 

2N2566 

2N2567 

> 

o 

Os 

o 

< 

> 

o 

CO 

100 v 

40 v 

< 

60 v 

80 v 

20 v 

100 v 


3.5 a 
1 a 


20 w > 

< — 55°C to + 100°C > 

< -55° C to + 100°C > 


NOTES: 1. This value applies when base-emitter voltage V BE = + 0.2 v. 

2. Derate linearly to -f 100°C case temperature at the rate of 267 mw/C°. 



electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TYPE 

MIN 

TYP 

MAX 

UNIT 

Collector-Base 

BV cbo Breakdown 

Voltage 

o 

II 

1 

•ft 

'll 

O 

2N1042 

2N2560 

2N2564 

-40 



V 

2N1043 

2N2561 

2N2565 

— 60 



2N1044 

2N2562 

2N2566 

-80 



2N1045 

2N2563 

2N2567 

-100 



Collector-Emitter 
*BV CE o Breakdown 

Voltage 

l c = — 100 ma, l B = 0 

2N1042 

2N2560 

2N2564 

-30 



V 

2N1043 

2N2561 

2N2565 

-40 



2N1044 

2N2562 

2N2566 

-50 



2N1045 

2N2563 

2N2567 

-60 




"Indicates JEDEC Registered Data. 
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TYPES 2N1042, 2N1043, 2N1044, 2N1045 *2N2560, 2N2561, 
2N2562, 2N2563 • 2N2564, 2N2565, 2N2566, 2N2567 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TYPE 

MIN 

TYP 

MAX 

UNIT 

Collector 

*l C BO ^off 

Current 

V CB = — 20 v, l E = 0 

2N1042 

2N2560 

2N2564 



-125 

/« 

V CB = -30 v, l E = 0 

2N1043 

2N2561 

2N2565 

V CB = -40 v, l E = 0 

2N1044 

2N2562 

2N2566 

V CB = -50 v, l E = 0 

2N1045 

2N2563 

2N2567 

Collector 

*»CEO Cufoff 

Current 

V C E ~ -”v, ' B = 0 

2H1042 

2N2560 

2N2564 



-25 

ma 

V C e=-20v, I b = 0 

2N1043 

2N2561 

2N2565 



-20 

V C E = "25 v, l B = 0 

2N1044 

2N2562 

2N2566 



-20 

II 

l 

ll 

2N1045 

2N2563 

2N2567 



-20 

Collector 

*'CEX Cu,off 

Current 

V CE = -40 », «,£= + 0.2 y 

2M1042 

2N2560 

2N2564 



-650 

ixa 

V CE = - 60 v, V K = + 0.2 v 

2N1043 

2N2561 

2N2565 

V CE = -80 y, V K = + 0.2 y 

2N1044 

2N2562 

2N2566 

V CE = - 100 V, V K = + 0.2 v 

2N1045 

2N2563 

2N2567 

Collector 

*>CEX Cu,off 

Current 

V CE = -20 y, V re = + 0.2 y 
T C = + S5°C 

2N1042 

2N2560 

2N2564 



-5 

ma 

V CE = - 30 y, Vjf = + 0.2 y 
T c = + 85°C 

2N1043 

2N2561 

2N2565 

V CE = -40., V k = +0.2, 
T c = -t- 8S°£ 

2N1044 

2N2562 

2N2566 

V CE = - 50 y. V re = 4- 0.2 y 

T C = + 85»C 

2N1045 

2N2563 

2N2567 

*l EBO Emitter Cutoff Current 

V eb =-20v, l c = 0 

All 



-650 

/xa 


^Indicates JEDEC Registered Data. 
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TYPES 2N1042, 2N1043, 2N1044, 2N1045 • 2N2560, 2N2561, 
2N2562, 2N2563 • 2N2564, 2N2565, 2N2566, 2N2567 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TYPE 

MIN 

TYP 

MAX 

UNIT 

h IE 

Static Common-Emitter 

Input Impedance 

V CE = -1.0 V, l c = -3 a 
(see Note 3) 

All 



30 

ohm 

* h FE 


V CE = -1.0 v, l c = -3 a 
(see Note 3) 

All 

20 


60 


Static Forward 

Current Transfer Ratio 

V CE = -1.0 v, l c = -1 a 
(see Note 3) 

All 



150 




V CE — - 0.5 v, l c = - 50 ma 

All 

50 




h FE 

Static Forward 

V CE = -1.0 v, l c = -3 a 

T c = — 55° C (see Note 3) 

All 

15 


60 



Current Transfer Ratio 

V CE = -1.0 v, l c = -3 a 

T c = + 85°C (see Note 3) 

All 

20 


75 


Tfe 

Static Common-Emitter 

Forward Transfer Admittance 

V CE = -1.0 v, l c = -3 a 
(see Note 3) 

All 

2.0 



mho 

*V B £ 

Base-Emitter 

Voltage 

V CE = -1.0 v, l c = -3 a 
(see Note 3) 

All 



-1.5 

V 

V BE 

Base-Emitter 

Voltage 

I 

I 

II 

_o 

i 

II 

o 

>■ 

All 



-0.5 

V 

* V CE{sat) 

Collector-Emitter 

lg — - 0.3 q, I,q — —3c 
(see Note 3) 

All 



-0.75 



Saturation Voltage 

l B = -100 ma, l c = -la 
(see Note 3) 

All 



-0.25 


*hfe 

Small-Signal Common-Emitter 
Forward Current Transfer Ratio 

V CE = -1.5 v, l c = -0.5 a 
f — 1 kc 

All 

25 


100 


•hi 

Small-Signal Common-Emitter 
Forward Current Transfer Ratio 

V CE = -1-5 v, l C = "0.5 a 
f = 125 kc 

All 

2.0 




Cob 

Common-Base Open-Circuit 

Output Capacitance 

V cb =-6v, I e = 0 
f = 135 kc 

All 


100 


pf 


NOTES: 3. Measurements are made with voltage sensing contacts located 0.25 inches from header of transistor. 
Voltage sensing contacts are separate from current carrying contacts. 

"'Indicates JEDEC Registered Data. 


switching characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONS t 

TYPICAL 

UNIT 

t d Delay Time 

l C = -3a 

V BE(offl = 82v 

R L = 10 0 

(See circuit on Page 8) 

0.20 

/zsec 

t r Rise Time 

0.48 

fisec 

t s Storage Time 

0.29 

/isec 

tf Fall Time 

2.15 

/tsec 

t T Total Switching Time 

3.12 

/xsec 


fVoltage and current values shown are nominal; exact values vary slightly with device parameters. 
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TYPES 2N1042, 2N1043, 2N1044, 2N1045 • 2N2560, 2N2561, 
2N2562, 2N2563 • 2N2564, 2N2565, 2N2566, 2N2567 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


COMMON -EMITTER COLLECTOR 
CHARACTERISTICS 



V C e — Col lector- Emitter Voltage — v 


COMMON -EMITTER COLLECTOR 
CHARACTERISTICS 



0 -10 -20 -30 -40 

V CE — Col lector- Emitter Voltage — v 




STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



- 0.01 - 0.05 - 0.1 - 0.5 - 1.0 - 3.0 

lc — Collector Current — a 
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TYPES 2N1042, 2N1043, 2N1044, 2N1045* 2N2560, 2N2561, 
2N2562, 2N2563 • 2N2564, 2N2565, 2N2566, 2N2567 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 



100 

0 

1 

S 50 


30 


20 


10 


STATIC FORWARD CURRENT TRANSFER RATIO 
vs 

CASE TEMPERATURE 


















^-Maximum h rE — 

































II 

>“ 

.0 v, l c 

= -3.0 a 

• 


•< 


, 

A 

Wnimun 

ih FE x 




-75 -50 -25 0 25 50 75 100 

T c — Case Temperature — °C 


BASE-EMITTER VOLTAGE 


vs 



-75 -50 -25 0 25 50 75 100 

T c — Case Temperature — °C 


COLLECTOR-EMITTER SATURATION VOLTAGE 


vs 



T c — Case Temperature — °C 


COLLECTOR CUTOFF CURRENT 
vs 

BASE- EMITTER RESISTANCE 



10 50 100 500 Ik 5k 10k 

R BE — Base- Emitter Resistance — ohm 

« 1 1 1 1 

+0.01 +0.05 +0.1 +0.5 +1.0 

Vbe — Base -Emitter Voltage — v 
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TYPES 2N1042, 2N1043, 2N1044, 2N1045 • 2N2560, 2N2561, 
2N2562, 2N2563 • 2N2564, 2N2565, 2N2566, 2N2567 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 

TYPICAL CHARACTERISTICS 


COLLECTOR CUTOFF CURRENT 


vs 



(2N 1042)0 

- 8 

-16 

-24 

-32 

- 40 

(2N 1043)0 

-12 

-24 

-36 

-48 

- 60 

(2N 1044)0 

-16 

-32 

-48 

-64 

- 80 

(2N 1045)0 

-20 

-40 

-60 

-80 

-100 


v CE - 

Col lector- Emitter Voltage 

— V 



SMALL- SIGNAL COMMON -EMITTER FORWARD 
CURRENT TRANSFER RATIO 


vs 



-0.01 -0.05 -0.1 -0.5 -1.0 

l c — Collector Current — a 


6 


THERMAL CHARACTERISTICS 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



0 25 50 75 100 


T c — Case Temperature — °C 


FREE-AIR TEMPERATURE 



0 25 50 75 100 

T a — Free -Air Temperature — ®C 
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TYPES 2N1042, 2N1043, 2N1044, 2N1045*2N2560, 2N2561, 
2N2562, 2N2563 • 2N2564, 2N2565, 2N2566, 2N2567 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


SWITCHING TEST CIRCUIT VOLTAGE WAVEFORMS 



NOTES: a. The input waveform has the following characteristics: t r < 10 nsec, t f <= 10 nsec, PW = 1.6 msec. Duty Cycle = 10%. 

b. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 14 nsec, R jn > 10 Mft, C jn <11.5 pf. 

c. Resistors must be non-inductive types. 


MOUNTING HARDWARE INFORMATION 



0.500 ±0.01 5 
0.093 ±0.010— 

UNDERCUT "" 
1° NOMINAL 

NOTE: 

THE ORIENTATION OF 
THE LEADS IN RELATION 
TO THE HEX FLATS 
IS NOT CONTROLLED 


ELECTRICAL ISOLATION WASHERS 
OUTSIDE DIA. 0.89 ± 0.01 
INSIDE DIA. 0.51 ±0.01 


0.200 ± 0.010 

BASE 

COLLECTOR 


0.550 MAX— j 
Vi — 20 UNF-2A THREAD 



0.750 ±0.010 
TYP 


0.03 ± 0.01 
n , 0.07 ±0.01 

0.003 ± 0.002 -•■ir* - IF ISOLATION WASHERS ARE USED THE CHASSIS HOLE SHOULD BE 37/64 DIA 

IF ISOLATION WASHERS ARE NOT USED THE CHASSIS HOLE SHOULD BE 1/2 DIA 

2N1042 SERIES 


NO. 10-32 UNF-2B THREAD 


0.07 ±0.01 
0.03 ±0.01 _i| 



IF ISOLATION WASHERS ARE USED THE 
CHASSIS HOLE SHOULD BE 1/4 DIA 
IF ISOLATION WASHERS ARE NOT USED 
THE CHASSIS HOLE SHOULD BE 13/64 DIA 

NO. 10-32 UNF-2A 
THREAD 


0.245+0.005 

ELECTRICAL ISOLATION WASHERS 
OUTSIDE DIA. 0.53 ±0.01 
INSIDE DIA. 0.20 ±0.01 


THE ORIENTATION OF THE LEADS 
IN RELATION TO THE HEX FLATS 
IS NOT CONTROLLED 


3 LEADS 0.025 ±0.003 DIA 



200 ± 0.010 
0.100 ± 0.010 
BASE 

COLLECTOR 
EMITTER 



2N2560 SERIES 
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TYPE 2N1046 

P-N-P ALLOY-DIFFUSED GERMANIUM POWER TRANSISTOR 


HIGH-FREQUENCY POWER TRANSISTOR 
FOR 

MILITARY AND INDUSTRIAL APPLICATIONS 


mechanical data 

This transistor is in a precision -welded, hermetically sealed enclosure. The mounting base provides an 
excellent heat path from the collector junction to a heat sink. The mounting base and heat sink must be 
in intimate contact for maximum heat transfer. Extreme cleanliness during the assembly process prevents 
sealed-in contamination. The approximate weight of the unit is 18 grams. 



*ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE. 
*THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 




DIMENSIONS ARE IN INCHES 


6 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage lOOv* 

Collector-Emitter Voltage (See Note 1) 50 v* 

Emitter-Base Voltage j 2 0 vt ( 

Continuous Collector Current 12 a* 

Peak Collector Current (See Note 2) 20 a* 

Base Current 3 a* 

Safe Continuous Operating Region See Figure 13* 

Continuous Collector Dissipation at (or below) 75°C Case Temperature (See Note 3) 50 w 

Continuous Collector Dissipation at (oi below) 50°C Case Temperature (See Note 4) 50 w* 

Peak Collector Power Dissipation at (or below) 25°C Case Temperature 

(See Notes 2 and 5) 600 w* 

Operating Collector Junction Temperature 100°C* 

„ ^ „ S~55°C to +100°C*/ 

Storage Temperature Range I -55°C to -fll0°Ct> 

Lead Temperature, 1/8 inch =fc 1/32 inch from case for 10 seconds 230°C* 

NOTES: 1. This value applies when the base-emitter diode is open-circuited. 


2. This value applies for a rectangular waveshape, pulse width < 270 /zsec, duty cycle < 10%. See figure 12 for other allowable pulse width and duly 
cycle combinations. 

3. Derate linearly to 100°C case temperature at the rate of 2 w/C°. 

4. Derate linearly to 100°C case temperature at the rate of 1 w/C°. This corresponds to the JEDEC registered maximum value of thermal resistance, 0j.q, 1.0 C°/w. 

5. Derate linearly to 100°C case temperature at the rate of 8 w/C°. 

'"Indicates JEDEC registered data. fTexas Instruments guarantees these values in addition to the JEDEC registered values which are also shown. 
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TYPE 2N1046 

P-N-P ALLOY-DIFFUSED GERMANIUM POWER TRANSISTOR 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

bv cbo 

Collector-Base Breakdown Voltage 

l c — — 10 ma, l £ — 0 

-100* 

V 

bv ceo 

Collector-Emitter Breakdown Voltage 

l c — — 200 ma, ^ = 0, See Note 6 

-50* 

V 

bv ebo 

Emitter-Base Breakdown Voltage 

l E = - 2 ma, l c = 0 

-1.5* 


l E = — 10 ma, l c — 0 

-2.0 




V CB ~ ~ 3 v , lg — 0 

-0.3* 


•cBO 

Collector Cutoff Current 

V CB = -75 v, l E = 0 

-2.0* 

ma 



V CB = -75v, I e = 0, T c = + 70°C 

-12 


'CEX 

Collector Cutoff Current 

V ce = -75v, V re = +0.2v 

-2.0 

ma 

■ebo 

Emitter Cutoff Current 

V eb = -0.5v, l c = 0 

-0.1* 

ma 



V CE = — 1.5v, l c = — 0.5 a, See Note 7 

40* 

60t 


h re 

Static Forward Current 

Transfer Ratio 

V CE = — 1.5v, l c = — 5 a, See Note 7 

40* 

60f 

200f 



V CE = — 1-5 », l c — "5a, T c = — 55°C, 

See Note 7 

60 

See Fig. 4 




V CE = — 15 v, l c =~ 5 a, T c = + 70°C, 

See Note 7 

40 

See Fig. 4 


v 

Base-Emitter Voltage 

l B — — 50 ma, \q =z — 0.5 a, See Note 7 

-0.4* 


V BE 

l B = — 500 ma, l c = — 5 a. See Note 7 

-0.7* 

¥ 

V CE(sat) 

Collector-Emitter 

l B — — 50 ma, l c = — 0.5 a, See Note 7 

-0.2* 


Saturation Voltage 

1 B — — 500 ma, 1 c = — 5 a, See Note 7 

-0.4* 


Ki 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V CE = ~ — 15 v, l c — — 0.5 a, f = 10 me 

1.0* 

2.0f 



NOTES: 6. This parameter must be measured using pulse techniques. PW = 300 (i secs; Duty Cycle < 2%. 

7. If these parameters are measured without a heat sink, d-c collector current must not be applied longer than 250 msec. 

switching characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONS! 

TYPICAL 

UNIT 

t d Delay Time 

I^ = — 5a, l B j|j=— 0.5a, l B | 2 ) — 0.5a, 

V BE(off| — 2v ' R L — 4fi - 

See Figure 1 

0.1 

/isec 

t r Rise Time 

0.2 

/isec 

t s Storage Time 

2.0 

/csec 

t f Fall Time 

0.4 

fist c 

t T Total Switching Time 

2.7 

/isec 


^Voltage and current values are nominal; exact values vary slightly with device parameters. 


PARAMETER MEASUREMENT INFORMATION 

" A " SWITCHING TEST CIRCUIT VOLTAGE WAVEFORMS 




FIGURE 1 

NOTES: (a) The pulse at point “A” has the following characteristics: t r < 20 nsec , t f < 20 nsec , PW = 5 fim , duty cycle < 5%. 

(b) The waveforms are monitored on an oscilloscope with the following characteristics: t r < 15 nsec., R jn > 1 Ml), C in < 20-pf. 
indicates JEDEC registered data. 

fTexas Instruments guarantees these values in addition to the JEDEC registered values which are also shown. 
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TYPE 2N1046 

P-N-P ALLOY-DIFFUSED GERMANIUM POWER TRANSISTOR 


TYPICAL CHARACTERISTICS 


COMMON-EMITTER COLLECTOR CHARACTERISTICS 



V CE — Collector - Emitter Voltage — v 
FIGURE 2 


STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



0 -2 -4 -6 -8 -10 -12 

I c — Col lector Current — a 

FIGURE 4 


COMMON-EMITTER COLLECTOR CHARACTERISTICS 
(High-Voltage Region) 



FIGURE 3 


BASE -EMITTER VOLTAGE 


vs 



0 -2 -4 -6 -8 -10 -12 

l c — Col lector Current — a 

FIGURE 5 



NOTE 8 s These characteristics were measured using pulse techniques. PW = 300/isec , Duty Cycle < 2%. 
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TYPE 2N1046 

P-N-P ALLOY-DIFFUSED GERMANIUM POWER TRANSISTOR 


TYPICAL CHARACTERISTICS 



BASE - EMITTER VOLTAGE 


vs 

CASE TEMPERATURE 



0 I I I I 1 I I I 

-60 - 40 - 20 0 20 4 0 60 80 

Tc— Case Temperature — °C 

FIGURE 6 


COLLECTOR-EMITTER SATURATION VOLTAGE 


vs 



Tc — Case Temperature — °C 
FIGURE 7 


NORMALIZED COLLECTOR-EMITTER BREAKDOWN VOLTAGE 
vs 

BASE-EMITTER RESISTANCE 



R BE — Base-Emitter Resistance — ohm 


COLLECTOR CUTOFF CURRENT 
vs 


COLLECTOR-BASE VOLTAGE 



\^ B — • Col lector -Base Voltage — v 


FIGURE 8 


FIGURE 9 


NOTE 8 ? These characteristics were measured using pulse techniques. PW = 300/csec , Duty Cycle < 2%. 
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TYPE 2N1046 

P-N-P ALLOY-DIFFUSED GERMANIUM POWER TRANSISTOR 


THERMAL CHARACTERISTICS 


CASE TEMPERATURE 
DISSIPATION DERATING CURVES 



25 50 75 100 

T c — Case Temperature — °C 


FIGURE 10 



i i, _ i ..,'i i ,i U-u 1 — i i i .M ,u i i — i — i i— I— mj 

0.01 0.10 1.0 10.0 


t w — Pulse Width — msec 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



MAXIMUM SAFE CONTINUOUS 



Vce — Collector-Emitter Voltage — v 


6 


FIGURE 12 


FIGURE 13 


NOTES: 9. When t w > 3.0 msec or d > 0.5 (50%), operation must be confined to the continuous operating region of Figure 13. 

10. Operation in this region is permissible when base-emitter resistance < 5 

♦Indicates JEDEC registered data. t Texas Instruments guarantees this value in addition to the JEDEC registered value which is also shown. 
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TYPE 2N1046 

P-N-P ALLOY-DIFFUSED GERMANIUM POWER TRANSISTOR 


THERMAL INFORMATION 


TABLE I 


HEAT SINK j 

t0HS-A 

Type 

Dimensions 

Bright Copper 

4"x4"x 1/8" 

3.8 C°/w 

6" x 6" x 1 /8" 

2.2 C°/w 

8" x 8" x 1/8" 

1.8 C°/w 

10" x 10" x 1/8" 

1.4 C°/w 

Bright Aluminum 

4" x 4" x 1/8" 

6.5 C°/w 

6" x 6" x 1/8" 

4.5 C°/w 

8"x 8" x 1/8" 

3.5 C°/w 

10" x 10" x 1/8" 

2.8 C°/w 

Delbert Blinn #113 
or Modine 1E1155B, 
Unfinished (or Equivalents) 


3.7 C°/w 

Delbert Blinn #113 
or Modine 1E1155B, Black 
Anodized (or Equivalents) 


3.2 C°/w 


t^HS-A are f yP' c °l values based on convection cooling; plates and fins 
mounted in vertical position. 

$AII transistors mounted in the center of the heat sink with two 6-32 
screws at 6 inch • pounds of torque. 


TABLE II 


SYMBOL 

DEFINITION 

UNIT 

VALUE 

P T(avg) 

Average Power Dissipation 

w 


P T[max| 

Peak Power Dissipation 

w 


0J-C 

Junction-to-Case Thermal Resistance 

C°/w 

0.5 


Junction-to-Free-Air Thermal Resistance 

C°/w 

42.8 

0C-A 

Case-to-Free-Air Thermal Resistance 

C°/w 

42.3 

tdc-HS 

Case-to-Heat-Sink Thermal Resistance 
Typical with Dry Mounting Base 

C°/w 

0.65 

Typical with DC-11 Silicone Grease 

0.45 

0HS-A 

Heat-Sink -to-Free-Air Thermal Resistance 

C°/w 

see 

Table 1 

t a 

Free-Air Temperature 

°C 


T J (avg) 

Average Junction Temperature 

°c 

<100 

T J (max) 

Peak Junction Temperature 

°c 

<100 

T C 

Case Temperature 

°c 


K 

Peak-Power Coefficient 


see 

Fig. 12 

»w 

Pulse Width 

msec 


f P 

Pulse Period 

msec 


d 

Duty Cycle Ratio (* w /tp) 




For d-c operation these transistors are voltage limited as well as thermally limited. Figure 10 or 11 and 
Figure 13 are recommended as a guide for selecting safe voltage and current jcombinations. 

These transistors have a very low thermal resistance that may be fully utilized in a pulse-power applica- 
tion provided the pulse width is equal to (or less than) 3 milliseconds. If the power pulse is longer than 
3 milliseconds, then the operating path is limited to the safe operating region described by Figure 10 or 
1 1 and Figure 13. 


The PEAK-POWER-COEFFICIENT CURVE shows the ratio of maximum instantaneous junction-to-case temperature rise for any pulse width and duty cycle to 
the rise which occurs at 100% duty cycle. Use of this curve is best explained by the equations and example below. See Table II for a definition of terms. 


Equation No. 1 — Application: d-c power dissipation, heat sink used. 
P — T J(avg) - T A 


Equation No. 3 — Application: Peak power dissipation, heat sink used. 


0J-C + 0C-HS + 0HS-A 


P T{max) — 


T. H mA¥ i — T A 


d (0C-HS + 0HS-A) + K 0J-C 


Equation No. 2 — Application: d-c power dissipation, no heat sink used. 

Tlfjiwnl — 


P Tf . — J < av 9) A 

T(avg) 2 

"j-A 


Equation No. 4 — Application: Peak power dissipation, no heat sink used. 

p Tjfmax) ^A 

T|m " 1 “ d Oc-A + « 0J-C 


Example — Find P Tfmax j (design limit) 
OPERATING CONDITIONS: 

Heat Sink = 8" x 8" x 1 /8" copper, 
0HS-A ~ 18 C °/w 
with DC-11 grease, 0 C . HS = 0.45 C°/w 
T Jfmax| ( des '9 n limit) = 100°C 
T a = 35°C 
d = 20% (0.2) 
t w = 0.1 msec 


SOLUTION: 

From Figure 12, Peak-Power Coefficient, 

K = 0.24, and by use of equation No. 3 

Tjjmaxl 

Ttmax) - d (0 C _ HS + 0 hs-a) + « 0J-C 

100 - 35 

p T(max) — o.2 (0.45 + 1.8) + 0.24 (0.5) “ 
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TYPES 2N1529 THRU 2N1548 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


FOR HIGH-POWER SWITCHING 
AND AMPLIFIER APPLICATIONS 


mechanical data 

These transistors are in precision welded, hermetically sealed enclosures. The mounting base provides an 
excellent heat path from the collector junction to a heat sink. The mounting base and heat sink must be 
in intimate contact for maximum heat transfer. Extreme cleanliness and the absence of flux during the 
assembly process prevents sealed-in contamination. 



*THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 
*ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 



1 — BASE — / MEASUREMENT POINT 

DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

2N1529 2N1530 2N1531 2N1532 2N1533 

2N1534 2N1535 2N1536 2N1537 2N1538 

2N1539 2N1540 2N1541 2N1542 2N1543 

2N1544 2N1545 2N1546 2N1547 2N1548 


Collector-Base Voltage —40V* 

Collector-Emitter Voltage (See Note 1) —30 V* 

Emitter-Base Voltage —20 V* 

Continuous Collector Current 

Continuous Emitter Current -< 

Continuous Device Dissipation at (or below) 25°C Case 

Temperature (See Note 2) -< 

Operating Collector Junction Temperature . . . 

Storage Temperature Range -< 


-60V* —80V* — 100 V* -120V* 
-45V* -60 V* -75V* -90V* 
-30V* -40V* -50V* -60V* 

-5 A* * 

5 A* >■ 

106 W > 

( 100°C*) 

\ 1 10°C+) 

65°C to 100°C* 


NOTES: 1. This value applies when base-emitter diode is short-circuited. 

2. Derate linearly to 110°C case temperature at the rate of 1.25 W/deg. 


'"Indicates JEDEC registered data 

*jThis value is guaranteed by Texas Instruments in addition to the JEDEC registered value which is also shown. 
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TYPES 2N1529 THRU 2N1548 
BULLETIN NO. DL-S 6810919 , NOVEMBER 1968 



TYPES 2N1529 THRU 2N1548 

P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


2N1529 THRU 2N1533 

electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TYPE 

MIN AAAX 

UNIT 




2N1529 

-20 





2N1530 

-30 


*V(brjceo Collector-Emitter Breakdown Voltage 

l c = -500 mA, 

l B = o 

2N1531 

-40 

V 




2N1532 

-50 





2N1533 

-60 





2N1529 

-30 





2N1530 

-45 


*V( B r)ces Collector-Emitter Breakdown Voltage 

l c = —500 mA, 

Vbe = 0 

2N1531 

-60 

V 




2N1532 

-75 





2N1533 

-90 





2N1529 

-20 





2N1530 

-30 


*V(br)ebo Emitter-Base Breakdown Voltage 

l £ = -25 mA, 

«c = 0 

2N1531 

-40 

V 




2N1532 

-50 





2N1533 

-60 


*Icbo Collector Cutoff Current 

Vcb = —2 V, 

Ie = 0 

All 

-200 

/aA 


V CB = -25 V 


2Nl 529 




V CB = -40 V 


2N1530 



*Icbo Collector Cutoff Current 

V CB = -55 V 

l E = 0 

2N1531 

-2 

mA 


V CB = -65 V 


2N1532 




V CB = -80 V 


2N1533 




V CB = -40 V 


2N1529 




Vcb = -60 V 


2N1530 



*Icbo Collector Cutoff Current 

V CB = -80 V 

Ie = 0 

2N1531 

-20 

mA 


Vcb = -100 V j 


2N1532 




Vcb = -120 V 


2N1533 




V CB = -15 V 


2N1529 




V CB = -22.5 V 


2N1530 



*Icbo Collector Cutoff Current 

V CB = -30 V 

Ie = 0, 

2N1531 

-20 

mA 


V CB = -37.5 V 

T c = 90 °C 

2N1532 




Vcb = -45 V 


2N1533 




V CE = -40 V 


2N1529 




V CE = -60 V 


2N1530 



*Icev Collector Cutoff Current 

Vce = -80 V 

Vbe = 1 V 

2N1531; 

-20 

mA 


V CE = -100 V 


2N1532 




V CE = -120 V 


2N1533 



*Iebo Emitter Cutoff Current 

Veb = -12 V, 

lc = o 

All 

-0.5 

mA 

*Hfe Static Forward Current Transfer Ratio 

•? 

ii 

Ui 

lc = -3 A 

All 

20 40 


* Static Common-Emitter 






S pE Forward Transfer Conductance 

Vce = -2 V, 

lc = -3 A 

All 

1.2 

mho 

*V B e Base-Emitter Voltage 

l B = —300 mA, 

l c = -3 A 

All 

-1.7 

V 

*V C i(s«t) Collector-Emitter Saturation Voltage 

l B = -300 mA, 

lc — —3 A 

All 

-1.5 

V 

Common-Emitter Forward Current 






fhfe Transfer Ratio Cutoff Frequency 

Vce = -2 V, 

lc = — 3 A 

All 

2 

kHz 

f T Transition Frequency 

Vce = -2 V, 

lc = -1 A, 

See Note 4 

All 

200 

kHz 


thermal characteristics 


PARAMETER 

TYPE 

MAX 

UNIT 

*0j.c Junction-to-Case Thermal Resistance 

All 

0.8 

deg/W 


NOTEf: 4. To obtain fr, the |hf t j response with frequency is extrapolated at the rate of — 6 dB/octave from f = 100 kHz to the frequency at which |hf 0 | = 1. 
♦Indicates JEDEC registered data 
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TYPES 2N1529 THRU 2N1548 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


2N1534 THRU 2N1538 

electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TYPE 

MIN MAX 

UNIT 




2H1534 

-20 





2N1535 

-30 


*V(br)ceo Collector-Emitter Breakdown Voltage 

l c = -500 mA, 

l B = 0 

2N1536 

—40 

V 




2N1537 

-50 





2N1538 

-60 





2N1534 

-30 





2N1535 

-45 


*V( B r)ces Collector-Emitter Breakdown Voltage 

l c = -500 mA, 

V BE = 0 

2N1536 

-60 

V 




2N1537 

-75 





2N1538 

-90 





2N1534 

-20 





2N1535 

-30 


*V( B r]ebo Emitter-Base Breakdown Voltage 

l £ = -25 mA, 

lc = 0 

2N1536 

-40 

V 




2N1537 

-50 





2N1538 

-60 


*Icbo Collector Cutoff Current 

Vcb = -2 V, 

Ie = 0 

All 

-200 

jU,A 


V CB = -25 V 


2N1534 




V CB = -40 V 


2N1535 



*I C bo Collector Cutoff Current 

V CB = -55 V 

Ie = o 

2N1536 

-2 

mA 


V CB = -65 V 


2N1537 




V CB = -80 V 


2N1538 



■ 

V CB = -40 V 


2N1534 




V CB = -60 V 


2N1535 



*Icbo Collector Cutoff Current 

V CB = -80 V 

Ie = o 

2N1536 

-20 

mA 


Vcb = -100 V 


2N1537 




V CB = -120 V 


2N1538 




V CB = -15 V 


2N1534 




V CB = -22.5 V 

i — A 

2N1535 



*Icbo Collector Cutoff Current 

V CB = -30 V 

•E W, 

t — on°r 

2N1536 

-20 

mA 


V CB = -37.5 V 

ic — c 

2N1537 




V CB = —45 V 


2N1538 




V CE = -40 V 


2N1534 




V CE = -60 V 


2N1535 



*I C ev Collector Cutoff Current 

V CE = -80 V 

Vbe - 1 V 

2N1536 

-20 

mA 


V CE = -100 V 


2N1537 




V C e = -120 V 


2N1538 



*l £B o Emitter Cutoff Current 

V £B = -12 V, 

lc = 0 

All 

-0.5 

mA 

*h FE Static Forward Current Transfer Ratio 

Vce = -2 V, 

lc = -3 A 

All j 

35 70 


* Static Common-Emitter 






9fe Forward Transfer Conductance 

Vce = -2 V, 

l c = -3 A 

All 

1.5 

mho 

*V be Base-Emitter Voltage 

l B = -300 mA, 

lc = -3 A 

All 

-1.5 

V 

*V CE (sat) Collector-Emitter Saturation Voltage 

Ib = — 300 mA, 

lc = — 3 A 

All 

-1.2 

V 

Common-Emitter Forward Current 






hfe Transfer Ratio Cutoff Frequency 

Vce = -2 V, 

lc = —3 A 

All 

2 

kHz 

f T Transition Frequency 

Vce = -2 V, 

lc = -1 A, 

See Note 4 

All 

200 

kHz 


thermal characteristics 


PARAMETER 

TYPE 

MAX 

UNIT 

*0j.c Junction-to-Case Thermal Resistance 

All 

0.8 

deg/W 


NOTE: 4. To obtain It, the |hf e | response with frequency is extrapolated at the rate of —6 dB/octave from f = 100 kHz to the frequency at which |hf«| = 1. 
“Indicates JEDEC registered data 
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TYPES 2N1529 THRU 2N1548 

P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


2N1539 THRU 2N1543 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TYPE 

MIN MAX 

UNIT 




2N1539 

-20 





2N1540 

-30 


*V(br)ceo Collector-Emitter Breakdown Voltage 

l c = -500 mA, 

l. = 0 

2N1541 

-40 

V 




2N1542 

-50 





2N1543 

-60 





2N1539 

-30 





2N1540 

-45 


*V( B r)ces Collector-Emitter Breakdown Voltage 

l c = -500 mA, 

Vbe = 0 

2N1541 

— 60 

V 




2N1542 

-75 





2N1543 

-90 





2N1539 

-20 





2N1540 

-30 


*V ( br)ebo Emitter-Base Breakdown Voltage 

l E = -25 mA, 

lc = o 

2N1541 

-40 

V 




2N1542 

-50 





2N1543 

-60 


*Icbo Collector Cutoff Current 

CM 

II 

tt 

=£ 

Ie = 0 

All 

-200 

fib 


V CB = -25 V 


2N1539 




V CB = -40 V 


2N1540 



*Icbo Collector Cutoff Current 

Vcb = -55 V 

Ie = 0 

2N1541 

-2 

mA 


V CB = -65 V 


2N1542 




Vcb = -80 V 


2N1543 




V CB = —40 V 


2N1539 




Vcb = —60 V 


2N1540 



*Icbo Collector Cutoff Current 

V CB = -80 V 

Ie = 0 

2N1541 

-20 

mA 


V CB = -100 V 


2N1542 




Vcb = -120 V 


2N1543 




Vcb = -15 V 


2N1539 




Vcb = -22.5 V 


2N1540 



*Icbo Collector Cutoff Current 

V CB = -30 V 

Ie = 0, 

2N1541 

-20 

mA 


Vcb = -37.5 V 

T c = 90°C 

2N1542 




Vcb = -45 V 


2N1543 




V CE = -40 V 


2N1539 




Vce = -60 V 


2N1540 



*Icev Collector Cutoff Current 

V CE = -80 V 

Vbe = 1 V 

2N1541 

-20 

mA 


V CE = -100 V 


2N1542 




V CE = -120 V 


2N1543 

« 


*Iebo Emitter Cutoff Current 

Veb = -12 V, 

lc = 0 

All 

-0.5 

mA 

*h F£ Static Forward Current Transfer Ratio 

Vce = -2 V, 

lc — — 3 A 

All 

50 100 


* Static Common-Emitter 






9fe Forward Transfer Conductance 

Vce = -2 V, 

lc = — 3 A 

All 

3 

mho 

*V B e Base-Emitter Voltage 

Ib — —300 mA, 

lc = -3 A 

All 

-0.7 

V 

*V C E[sat) Collector-Emitter Saturation Voltage 

l B = -300 mA, 

lc = —3 A 

All 

4).3 

V 

Common-Emitter Forward Current 






* hfe Transfer Ratio Cutoff Frequency 

Vce = —2 V, 

lc — — 5 A 

All 

1 

kHz 

f T Transition Frequency 

Vce = -2 V, 

lc = -1 A, 

See Note 4 

All 

200 

- 

kHz 


thermal characteristics 


PARAMETER 

TYPE 

MAX 

UNIT 

*0j.c Junction-to-Case Thermal Resistance 

All 

0.8 

deg/W 


N0TEj:4. To obtain fT, the |hf«| response with frequency is extrapolated at the rate of — 6 dB/octave from f = 100 kHz to the frequency at which ]hf«| = 1. 
"'indicates JEDEC registered data 
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TYPES 2N1529 THRU 2N1548 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


2N1544 THRU 2N1548 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TYPE 

MIN MAX 

UNIT 




2N1544 

-20 





2N1545 

-30 


*V( B r)ceo Collector-Emitter Breakdown Voltage 

l c = -500 mA, 

l B = 0 

2N1546 

-40 

V 




2N1547 

-50 





2N1548 

-60 





2N1544 

-30 





2N1545 

-45 


*V ( br)ces Collector-Emitter Breakdown Voltage 

l c - -500 mA, 

Vbe == 0 

2N1546 

-60 

V 




2N1547 

-75 





2N1548 

-90 





2N1544 

-20 





2N1545 

-30 


*V(br)ebo Emitter-Base Breakdown Voltage 

l E = -20 mA, 

lc - 0 

2N1546 

—40 

V 




2N1547 

-50 





2N1548 

-60 


*Icbo Collector Cutoff Current 

Vcb = -2 V, 

Ie — 0 

All 

-200 

juA 


V CB = -25 V 


2N1544 




V CB = -40 V 


2N1545 



*Icbo Collector Cutoff Current 

V CB = -55 V 

Ie = o 

2N1546 

-2 

mA 


V CB = -65 V 


2N1547 




o' 

II 

L 

o 

< 


2N1548 




V CB = -40 V 


2N1544 




V CB = -60 V 


2N1545 



*Icbo Collector Cutoff Current 

V CB = -80 V 

Ie = 0 

2N1546 

-20 

mA 


V CB = -100 V 


2N1547 




V CB = -120 V 


2N1548 




Vcb = —15 V 


2N1544 




V CB = -22.5 V 


2N1545 



*Icbo Collector Cutoff Current 

V CB = -30 V 

Ie == 0, 

2N1546 

-20 

mA 


V CB = -37.5 V 

T c = 90°C 

2N1547 




V c , = -45 V 


2N1548 




V CE = —40 V 


2N1544 




V CE = -60 V 


2N1545 



*Icev Collector Cutoff Current 

V CE = -80 V 

Vbe = 1 V 

2N1546 

-20 

mA 


V CE = -100 V 


2N1547 




V CE = —120 V 


2N1548 



*Iebo Emitter Cutoff Current 

V E b = -12V, 

l c = 0 

All 

—0.5 

mA 

*h FE Static Forward Current Transfer Ratio 

Vce = -2 V, 

lc = -3 A 

All 

75 150 


* Static Common-Emitter 






9fe Forward Transfer Conductance 

Vce = -2 V, 

l c = —3 A 

All 

4 

mho 

*V BE Base-Emitter Voltage 

l B = -300 mA, 

o 

II 

L 

3> 

All 

-0.6 

V 

*VcE(sat) Collector-Emitter Saturation Voltage 

l B = -300 mA, 

lc = -3 A 

All 

-0.2 

V 

Common-Emitter Forward Current 






hfe Transfer Ratio Cutoff Frequency 

Vce = -2 V, 

a 

II 

L 

All 

1 

kHz 

f T Transition Frequency 

Vce ~ —2 Y, 

lc = -1 A, 

See Note 4 

All 

200 

kHz 


thermal characteristics 


PARAMETER 

TYPE 

MAX 

UNIT 

*0j. c Junction-to-Case Thermal Resistance 

All 

0.8 

deg/W 


NOTE: 4. To obtain fr, the |hf«| response with frequency is extrapolated at the rate of — 6 dB/octave from f = 100 kHz to the frequency at which |hf«| = 1. 
♦Indicates JEDEC registered data 
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TYPES 2N1529 THRU 2N1548 

P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


2N1539 THRU 2N1548 

switching characteristics at 25°C case temperature 


' PARAMETER 

TEST CONDITIONS 

TYP 

UNIT 

ton Turn-0n Time 

lc « 3 A, Rl = 1 n. 

See Figure 1 

5 

IXS 

t s Storage Time 

3 

/AS 

t f Fall Time 

5 

/AS 


PARAMETER MEASUREMENT INFORMATION 


0.5 h F 



TEST CIRCUIT 



NOTES: a. The input pulse is supplied by a generator with the following characteristics: t r < 0.1 fis, t p = 50 /is, duty cycle < 10%. 
b. The waveforms are monitored on an oscilloscope with the following characteristics: t r < 0.1 /is, Rin > 100 kO, Cm < 20 pF. 


FIGURE 1 


Texas Instruments 

INCORPORATED 


POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 



TYPES 2N1529 THRU 2N1548 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


THERMAL INFORMATION 



FIGURE 2 


PEAK -POWER COEFFICIENT CURVE 



SYMBOL DEFINITION 


SYMBOL 

DEFINITION 

VALUE 

UNIT 

PT(av) 

Average Power Dissipation 


w 

PT(max) 

Peak Power Dissipation 


w 

0J-C 

Junction-to-Case Thermal Resistance 

0.8 

deg/W 

0C-HS 

Case-to-Heat-Sink Thermal Resistance 


deg/W 

0HS-A 

Heaf-Sink-to-Free-Air Thermal Resistance 


deg/W 

Ta 

Free-Air Temperature 


°C 

Tc 

Case Temperature 


°C 

Tj(av) 

Average Junction Temperature 

< no 

°C 

T J (max) 

Peak Junction Temperature 

< no 


K 

Peak-Power Coefficient 

See Figure 3 


*p 

Pulse Width 


ms 

d 

Duty-Cycle Ratio 




Equation No. 1 — Application: d-c power dissipation, 
heat sink used. 


Pt(«v| — 


Tj(av) — Ta 

0J-C + 0C-HS -j~ Ohs-a 


for 25°C < T c < 110°C 
as in Figure 2 


Equation No. 2 — Application: Peak power dissipation, 
heat sink used. 


Pt(max) 


Tj(max) — Ta 

d (0C-HS “f" 0 hs-a) + K 0J-C 


for 25°C < T c < 110°C 


6 


Example — Find PT(max) (design limit) 

OPERATING CONDITIONS: 

0c-hs “h 0 hs-a = 2.25 deg/W (From information supplied 
with heat sink.) 

Tj(av) (design limit) = 110°C 
Ta = 50°C 
d = 10% (0.1) 
t p = 10 ms 


Solution: 

From Figure 3, Peak-Power Coefficient 
K = 0.125 and by use of equation No. 2 


PT(max) — — 


Tj(max) — Ta 


PT(max) — " 


d (0C-HS + $hs-a) + K dj.C 

110-50 


0.112.2514- 0 125 (O f 


-= 184 W 


1 PRINTED IN U.S.A. 

Tl cannot assume any responsibility for any circuits shown 
or represent that they are free from patent infringement. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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TYPES 2N1907, 2N1908 
P-N-P ALLOY-DIFFUSED GERMANIUM POWER TRANSISTORS 


HIGH-FREQUENCY POWER TRANSISTORS 
for 

MILITARY AND INDUSTRIAL APPLICATIONS 


mechanical data 

These transistors are in precision welded, hermetically sealed enclosures. The mounting base provides an 
excellent heat path from the collector junction to a heat sink. The mounting base and heat sink must be 
in intimate contact for maximum heat transfer. Extreme cleanliness during the assembly process prevents 
sealed-in contamination. The approximate weight of the unit is 18 grams. 


*ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
* THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


U- 1 573 MAX-H 



DIMENSIONS ARE IN INCHES 


6 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Collector Current 

Base Current 

Safe Continuous Operating Region 

Total Device Dissipation at (or below) 70°C Case Temperature (See Note 2) 

Peak Collector Power Dissipation at (or below) 25°C 

Case Temperature (See Note 3) 

Operating Collector Junction Temperature 

Storage Temperature Range (— 55°C to + 100°C*) 

(— 55°C to + 110°Cf) 

NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. Derate linearly to 100°C case temperature at the rate of 2 w/C°. This corresponds to the JEDEC registered maximum value of thermal resistance, 

0J.C. 0-5 C°/». 

3. These values apply for rectangular waveshape. See Figure 14 for allowable pulse width and duty cycle combinations. Derate linearly to 100°C 
case temperature. 

'"Indicates JEDEC registered data. 

tTexas Instruments guarantees this value in addition to the JEDEC registered value which is also shown. 


2N1907 
100 v* 
40 v 


2N1908 
130 v* 
50 v 


(1.5 v*) 

(2.0 vtf 


«— 20 a* — > 
<— 3a* — > 

See Figures 15 and 16 
< — 60 w — ► 


800 w 1 000 w 
< — 100°C* — > 
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TYPES 2N1907, 2N1908 

BULLETIN NO. DL-S 644426, FEBRUARY 1964 




TYPES 2N1907, 2N1908 

P-N-P ALLOY-DIFFUSED GERMANIUM POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N1907 

2N1908 

UNIT 

MIN MAX 

MIN MAX 

BVcbo Collector-Base 

Breakdown Voltage 

l c = - 10 ma, l E = 0 

-100 

-130 

V 

BVceo Collector-Emitter 
Breakdown Voltage 

l c = -200 ma, l B = 0, See Note 4 

-40* 

-50* 

V 

BV E bo Emitter-Base 

Breakdown Voltage 

l E = - 2 ma, lc = 0 

-1.5 

-1.5 

V 

Ie = — 10 ma, Ic — 0 

-2.0 

-2.0 

Icbo Collector Cutoff Current 

Vcb = — 3 v, l E ~ 0 

-0.5* 

— 0.3+ 


ma 

V CB = — 75 v, l E = 0 

-2.0 


Vcb = -100 v, l E = 0 

-10* 


V ce = -75 », l E = 0, I c = + 70°C 

-12 


Vcb = -3v, I e = 0 


-0.5* 
— 0.3t 

Vcb = -100 v, Ie = 0 


-2.0 

V CB = — 130 v, l E = 0 


-10* 

V C b = - 100 », l E = 0, T c = + 70°C 


-12 

Icex Collector Cutoff Current 

Vce = — 75v, V BE = + 0.2 v 

-2.0 


ma 

Vce = -100 v, Vbe = + 0.2 v 


-2.0 

Iebo Emitter Cutoff Current 

V E b = — 0.5 v, l c = 0 

-0.2* 

-0.lt 

-0.2* 

-0.lt 

ma 

V EB = — 1.5 v, l c = 0 

-2.0* 

-2.0* 

hpE Static Forward Current 

Transfer Ratio 

Vce = ~ 1.5 v, Ic = - 1 a. See Note 4 

80 

80 


Vce — — 1.5 v, lc = — 5 a, See Note 4 

90 

90 

V CE = — 1.5 v, l c = — 10 a, See Note 4 

30 170 

30 170 

V CE = — 1.5 v, l c = — 15 a, See Note 4 

20 

20 

V CE = - 1.5 », l c = - 10 o, T c = - 5S°C, 

See Note 4 

30 

(See Fig. 4) 

30 

(See Fig. 4) 

V CE = - 1.5 », lc = — 10 a, T c = + 70°C, 

See Note 4 

15 100 

(See Fig. 4) 

15 100 

(See Fig. 4) 

Vbe Base-Emitter Voltage 

Ib = - 100 ma, l c = - 1 a. See Note 4 

-0.4 

-0.4 

V 

l B := —500 ma, lc = — 5 a, See Note 4 

-0.7 

-0.7 

Ib — — la, I c — — 10 a, See Note 4 

-1.0 

-1.0 

l B = - 1.5 a, l c = - 15 a, See Note 4 

-1.5 

-1.5 

VcEfsatj Collector-Emitter 
Saturation Voltage 

l B = - 100 ma, Ic = — 1 a. See Note 4 

-0.2 

-0.2 

V 

l B = - 500 ma, Ic = - 5 a. See Note 4 

-0.4 

-0.4 

l B — — 1 a, l c = - 10 a, See Note 4 

-0.7 

-0.7 

l B = — 1.5 a, l c — — 1 5 a. See Note 4 

-1.0* 

-1.0* 

|h fe | Small-Signal Common- 

Emitter Forward Current 
Transfer Ratio 

V CE = —15 v, l c = -0.5 a, f = 10 me 

1.0* 

2.0t 

1.0* 

2.0t 



NOTE; 4:1 If these parameters are measured j without a heat sink, d-c collector current must not be applied longer than 250 msec. 


‘indicates JEDEC registered data. 

tTexas Instruments guarantees these values In addition to the JEDEC registered values which are also shown. 
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TYPES 2N1907, 2N1908 
P-N-P ALLOY-DIFFUSED GERMANIUM POWER TRANSISTORS 


switching characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONS t 

TYPICAL 

UNIT 

t d Delay Time 

lc — — 1 Oa, 1 b( i ) = — 1 .33a, Ib( 2 ) = 1 .33a , 
Vbe (off) = 2 v, R L = 2fi, 

See Figure 1 

0.1 

fJL sec 

t r Rise Time 

0.8 

yLtsec 

t s Storage Time 

2.5 

yutsec 

♦ f Fall Time 

1.0 

/>tsec 

t T Total Switching Time 

4.4 

fx sec 


f Voltage and current values are nominal; exact values vary slightly with device parameters. 


PARAMETER MEASUREMENT INFORMATION 



VOLTAGE WAFEFORMS 


H- 10% 

POINT "A" V 

90% £ 

j 90%^. 

j — j 90% 

OUTPUT | jA 

— ■ hv° % 

• T 1 

1 L 1 

r r 

l*i 

-H t d ,U- 

-*Jt s U- 


NOTES: a. The pulse at point “A" has the following characteristics: t f < 20 nsec, t f < 20 nsec, PW > 50 /xsec, duty cycle < 5%. 
b. The waveforms are monitored on an oscilloscope with the following characteristics: t f < 15 nsec, R jn > 1 M12, C jn < 20 pf. 


TYPICAL CHARACTERISTICS 


COMMON-EMITTER COLLECTOR CHARACTERISTICS 
(Low -Voltage Region) 



0 -0.2 -0.4 -0.6 -0.8 -1.0 

V C E -Collector-Emitter Voltage — v 


COMMON-EMITTER COLLECTOR CHARACTERISTICS 
(High-Voltage Region) 



FIGURE 2 

NOTE 5: These characteristics were measured using pulse techniques. PW = 300 /*se c , Duty Cycle <2%. 


FIGURE 3 
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— Static Forward Current Transfer Ratio 


TYPES 2N1907, 2N1908 

P-N-P ALLOY-DIFFUSED GERMANIUM POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 

STATIC FORWARD CURRENT TRANSFER RATIO BASE-EMITTER VOLTAGE 

VS vs 

COLLECTOR CURRENT COLLECTOR CURRENT 



BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 



■60 

-40 -20 0 20 40 60 

80 

-60 

-40 -20 0 20 40 

60 

80 


Tc — Case Temperature — °C 



T c — Case Temperature — °C 




FIGURE 6 



FIGURE 7 




NOTE 5: These characteristics were measured using pulse techniques. PW = 300 /use c., Duty Cycle < 2%. 
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TYPES 2N1907, 2N1908 
P-N-P ALLOY-DIFFUSED GERMANIUM POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


2N1907 2 N'l 90i8, 

NORMALIZED COLLECTOR-EMITTER BREAKDOWN VOLTAGE NORMALIZED COLLECTOR-EMITTER BREAKDOWN VOLTAGE 




R be — Base-Emitter Resistance — ohm 


R be — B ase-Emitter Resistance — ohm 


FIGURE 8 


FIGURE 9 


2N1907 

COLLECTOR CUTOFF CURRENT 


2N1908 

COLLECTOR CUTOFF CURRENT 




Vcg — Collector-Base Voltage— v 
FIGURE 10 

NOTE 5: These characteristics were measured using pulse techniques. PW — 300 fx sec., Duty Cycle <5 2%. 


Vqj — C ollector-Base Voltage — v 
FIGURE 11 


971 


Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 


6-53 







TYPES 2N1907, 2N1908 

P-N-P ALLOY-DIFFUSED GERMANIUM POWER TRANSISTORS 



6-54 


THERMAL CHARACTERISTICS 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 



25 50 75 TOO 


T c — Case Temperature — °C 
FIGURE 12 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 



0 25 50 75 100 

T a — F ree-Air Temperature — °C 
FIGURE 13 


PEAK-POWER- COEFFICIENT CURVE 



t w — Pulse Width — msec 
FIGURE 14 


NOTE 6: When t w > 3.0 msec or d > 0.5 (50%), operation must be confined to the continuous operating regions of Figure 15 or 16. 
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TYPES 2N1907, 2N1908 
P-N-P ALLOY-DIFFUSED GERMANIUM POWER TRANSISTORS 


MAXIMUM SAFE OPERATING REGIONS 


2N1907 

MAXIMUM SAFE CONTINUOUS 
OPERATING REGION 


2N1908 

MAXIMUM SAFE CONTINUOUS 
OPERATING REGION 




■ " U U l 1 11 - - - - ...» 

0 -20 -40 -60 -80 -100 0 -20 -40 -60 -80 -100 -130 

V CE — Collector-Emitter Voltage — v V CE — Col lector-Emitter Voltage — v 


6 


FIGURE 15 FIGURE 16 



0 -10 -20 -30 -40 -50 

V CE — Collector-Emitter Voltage — v 


FIGURE 17 

NOTES: 6. When t w > 3.0 msec or d > 0.5 (50%), operation must be confined to the continuous operating regions of Figure 15 or 16. 
7. Operation in this region is permissible when base-emitter resistance < 5 fl. 
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TYPES 2N1907, 2N1908 

P-N-P ALLOY-DIFFUSED GERMANIUM POWER TRANSISTORS 


THERMAL INFORMATION 
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TABLE I TABLE II 


HEAT SINK 

t0HS-A 

Type 

Dimensions 

Bright Copper 

4" x 4" x 1/8" 

3.8 C°/w 

6" x 6" x 1/8" 

2.2 C°/w 

8" x 8" x 1/8" 

1.8 C°/w 

10" x 10" x 1/8" 

1.4 C°/w 

Bright Aluminum 

4" x 4" x 1/8" 

6.5 C°/w 

6" x 6" x 1/8" 

4.5 C°/w 

8" x 8" x 1/8" 

3.5 C°/w 

10" x 10" x 1/8" 

2.8 C°/w 

Delbert Blinn #113 
or Modine 1E1155B, 
Unfinished (or Equivalents) 


3.7 C°/w 

Delbert Blinn #113 
or Modine 1E1155B, Black 
Anodized (or Equivalents) 


3.2 C°/w 


1*0HS-A are tyP* cal values based on convection cooling; plates and fins 
mounted in vertical position. 

$AII transistors mounted in the center of the heat sink with two 6-32 
screws at 6 inch - pounds of torque. 


SYMBOL 

DEFINITION 

UNIT 

VALUE 

P T (avg ) 

Average Power Dissipation 

w 


P T (max 1 

Peak Power Dissipation 

w 


Oj-C 

Junction-to-Case Thermal Resistance 

C°/w 

0.5 

Oj. A 

Junction-to-Free-Air Thermal Resistance 

C°/w 

42.8 

Oc-A 

Case-to-Free-Air Thermal Resistance 

C°/w 

42.3 

J0C-HS 

Case-to-Heat-Sink Thermal Resistance 
Typical With Dry Mounting Base 

C°/w 

0.65 

Typical with DC-11 Silicone Grease 

0.45 

Ohs-a 

Heat-Sink-to-Free-Air Thermal Resistance 

C°/w 

see 

Table 1 

T a 

Free-Air Temperature 

C° 


T J [avg ) 

Average Junction Temperature 

c° 

<100 

Tj (max 1 

Peak Junction Temperature 

c° 

<100 

T C 

Case Temperature 

c° 


K 

Peak-Power Coefficient 


see 

Fig. 14 


Pulse Width 

msec 


f P 

Pulse Period 

msec 


d 

Duty Cycle Ratio (t w /t p ) 




For d-c operation, these transistors are voltage limited as well as thermally limited. Figure 12 and Figure 
15 or 16 are recommended as a guide for selecting safe voltage and current combinations. 

These transistors have a very low thermal resistance that may be fully utilized in a pulse-power applica- 
tion provided the pulse width is equal to (or less than) 3 milliseconds. If the power pulse is longer than 
3 milliseconds, then the operating path is limited to the safe operating region described by Figure 12 
and Figure 15 or 16. 

The PEAK-POWER-COEFFICIENT CURVE shows the ratio of maximum instantaneous (unction-to-case temperature rise for any pulse width and duty cycle to the 
rise which occurs at 100% duty cycle. Use of this curve is best explained by the equations and example below. See Table II for a definition of terms. 


Equation No. 1 — Application: d-c power dissipation, heat sink used. 

p _ T J (avg ) ~~ T A 

T (avg ) c _j_ 0 C HS 0 H$ A 

Equation No. 2 — Application: d-c power dissipation, no heat sink used. 

D _ T J (avg ) — T A 

' (avg ) 


Equation No. 3 — Application: Pealc power dissipation, heat sink used. 

-t a 


1 J fmax 1 *A 


d I0C-HS H" #H$-a) + K 0J-C 


Equation No. 4 — Application: Peak power dissipation, no heat sink used. 


p Tj (max 1 ^A 

' T fmax 1 - d0 c . A +K0j. c 


Example — Find P T fmax ) (design limit) 
OPERATING CONDITIONS: 

Heat Sink = 8" x 8" x 1/8" copper, 
0 HS .A = 1-8 CVw 
with DC-11 grease, 0 C _ HS = 0.45 C°/w 
T J (max 1 ( des '9 n limit) = 100°C 
T A = 35°C 
d = 20% (0.2) 
f w = 0.1 msec 


SOLUTION: 

From Figure 14 Peak-Power Coefficient, 

K =: 0.24, and by use of equation No. 3 

p Ti f max i t a 

™T (max 1 - d (0 C . H$ + 0 HS -a) + K 0j. c 

100 - 35 

P T (max 1 — Q 2 (0.45 + 1.8) + 0.24 (0.5) “ 
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TYPES 2N2659, 2N2660, 2N2661, 2N2662, 2N2663, 2N2664 
2N2665, 2N2666, 2N2667, 2N2668, 2N2669, 2N2670 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


50-, 7<K or 90 -VOLT UNITS 
15 WATTS at 25°C CASE TEMPERATURE 
Choice of TO-5 or Stud Package 
Guaranteed Beta at 1 amp and 500 ma lc 


Guaranteed Icex at 85 °C 
LOW r cs « LOW Icbo’LOW Vbe 
for 

RELAY DRIVERS • PULSE AMPLIFIERS 
SERVO AMPLIFIERS • AUDIO AMPLIFIERS 


mechanical data 

The transistors are in hermetically sealed, resistance-welded cases with glass-to-metal seals between case 
and leads. The 2N2659-2N2661 and 2N2665-2N2667 are in a round TO-5 package weighing approxi- 
mately 2.4 grams. The 2N2662-2N2664 and 2N2668-2N2670 are in a stud package weighing approxi- 
mately 5.4 grams. 


*THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 




* absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

2N2659 2N2660 2N2661 
2N2662 2N2663 2N2664 
2N2665 2N2666 2N2667 
2N2668 2N2669 2N2670 


Collector-Base Voltage 50 v 70 v 90 v 

Collector-Emitter Voltage (See Note 1) 50 v 70 v 90 v 

Emitter-Base Voltage 20 v > 

Collector Current -< 3 a y 

Base Current -< 1 a y 

Total Device Dissipation at (or below) 25°C Case Temperature (See Note 2) -< 15 w 

Operating Case Temperature Range — 55°C to 100°C 

Storage Temperature Range — 55°C to 100°C 


MOTES: 1. This value applies when base-emitter voltage V BE = -f- 0.2 v. 

2. Derate linearly to 100°C case temperature at the rate of 200 mw/C°. 
•Indicates JEDEC registered data. 
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TYPES 2N2659, 2N2660, 2N2661, 2N2662, 2N2663, 2N2664 
2N2665, 2N2666, 2N2667, 2N2668, 2N2669, 2N2670 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST 

CONDITIONS 

TO-5 CASE 

2N2659 

2N2660 

2N2661 

UNIT 

STUD CASE 

2N2662 

2N2663 

2N2664 


MIN MAX 

MIN MAX 

MIN MAX 

BVcbo Collector-Base Breakdown Voltage 

l c = - 600/40, l E = 0 

-50 

-70 

-90 

V 

*BV C eo Collector-Emitter 

Breakdown Voltage 

l c = - 100 ma, l B = 0, (See Note 3) 

-30 

-40 

-50 

V 

*BV C es Collector-Emitter 

Breakdown Voltage 

l c = - 50 ma, V BE = 0, (See Note 3) 

-50 

-70 

-90 

V 

Icbo Collector Cutoff Current 

Vcb — — 25 v, l E — 0 

V cb = “35v, l E = 0 

V CB — — 45 v, l E = 0 

-125 

-125 

-125 

fia 

*Iceo Collector Cutoff Current 

V C e = — 1 5 v, l B = 0 

V CE = — 20 v, l B = 0 

V CE = — 25 v, l B = 0 

-20 

-20 

-20 

ma 

*I C ex Collector Cutoff Current 

V CE = — 50 v, V BE = + 0.2 v 

V C e = — 70 v, V BE = + 0.2 v 

V C e — — 90 v, V BE = + 0.2 v 

-600 

-600 

-600 

/xa 

*I C ex Collector Cutoff Current 

V CE = — 25 v, V BE = + 0.2 v 

V CE = - 35 v, V BE = + 0.2 v 

V CE = — 45 v, V BE = + 0.2 v 

-125 

-125 

-125 

fia 

*I C ex Collector Cutoff Current 

Vce = - 25 *, V re = + 0.2 v, T c = 85°C 

V CE = - 35 v, V K = + 0.2 v, T c = 85°C 

V CE = - 45 v, V BE = + 0.2 v, T c = 85°C 

-5 

-5 

-5 

ma 

*Iebo Emitter Cutoff Current 

V E b = — 20 v, l c = 0 

-100 

-100 

-100 

fJLQ 

*h FE Static Forward Current 

Transfer Ratio 

V CE = - 0.5 v, l c = — 1 a, (See Note 4) 

V CE =: - 0.5 v, l c = — 500 ma, (See Note 4) 

V CE = - 0.5 v, l c = — 250 ma, (See Note 4) 

15 

30 90 

125 

15 

30 90 

125 

15 

30 90 

125 


h F E Static Forward Current 

Transfer Ratio 

V CE = - 0.5 v, l c = - 500 ma, 

T c = — 55°C, (See Note 4) 

V CE = - 0.5 v, l c = - 500 ma, 

T c = + 85 °C, (See Note 4) 

20 90 

30 no 

20 90 

30 110 

20 90 

30 no 


*V B e Base-Emitter Voltage 

Vce — - 0.5 v, l c = — 500 ma, (See Note 4) 

-0.6 

-0.6 

-0.6 

V 

*V C E(satj Collector-Emitter 

Saturation Voltage 

l B = - 50 ma, l c = — 500 ma, (See Note 4) 
l B = — 50 ma, Ic^-SOOma, 

T c = + 85 °C, (See Note 4) 

-0.2 

-0.25 

-0.2 

-0.25 

-0.2 

-0.25 

V 

*h fe Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

Vce — - 3 v, lc = - 100 ma, f = 1 kc 

30 120 

30 120 

30 120 


*|h fe | Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

V CE — — 3 v, l c = - 100 ma, f = 140 kc 

2.0 

2.0 

2.0 


C 0 b Common-Base Open-Circuit 

Output Capacitance 

V C b — — 3 v, l E = 0, f 135 kc 

100 

(typical) 

100 

(typical) 

100 

(typical) 

Pf 


NOTES: 3. These characteristics are measured by a ’/ 2 sine wave sweep method. 

4. These measurements are made with voltage sensing contacts located 0.25 inches from header of transistor. Voltage sensing contacts are separate from current 
carrying contacts. 

♦Indicates JEOEC registered data. 
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TYPES 2N2659, 2N2660, 2N2661, 2N2662, 2N2663, 2N2664 
2N2665, 2N2666, 2N2667, 2N2668, 2N2669, 2N2670 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST 

CONDITIONS 

TO-5 CASE 

2N2665 

2N2666 

2N2667 

UNIT 

STUD CASE 

2N2668 

2N2669 

2N2670 


MIN MAX 

MIN MAX 

MIN MAX 

BV C bo Collector-Base Breakdown Voltage 

l C = — 600 fJLQ, l E = 0 

-50 

-70 

-90 

V 

*BV C eo Collector-Emitter 

Breakdown Voltage 

lc = - 100 ma, l B = 0, (See Note 3) 

-30 

-40 

-50 

V 

’"BVces Collector-Emitter 

Breakdown Voltage 

I c — — 50 ma, V B e = 0, (See Note 3) 

-50 

-70 

-90 

V 

Icbo Collector Cutoff Current 

V cb = -25v, l E = 0 

V CB — — 35 v, l E = 0 

V cb = -45v, Ie — 0 

-125 

-125 

-125 

fJLQ 

*Iceo Collector Cutoff Current 

V CE == — 1 5 v, l B = 0 

V C e = — 20 v, l B = 0 

V CE — — 25 v, l B = 0 

-20 

-20 

-20 

ma 

*Icex Collector Cutoff Current 

V C e=-50v, V be — + 0.2 v 

Vce = -70v, V be = + 0.2 v 

V CE = -90v, V be = + 0.2 v 

-600 

-600 

-600 

fJLQ 

*I C ex Collector Cutoff Current 

V CE = - 25 v, Vbe = + 0.2 v 

V C e = - 35 v, V BE = + 0.2 v 

V C e = -45v, V be = + 0.2 v 

-125 

-125 

-125 

fJLQ 

*Icex Collector Cutoff Current 

V CE = -25 v, V BE = + 0.2 v, T c = 85°C 

V C E = - 35 v, V BE = + 0.2 v, T c = 85°C 

V CE = - 45 v, V BE = + 0.2 v, T c = 85°C 

-5 

-5 

-5 

ma 

*l EB o Emitter Cutoff Current 

V EB — — 20 v, lc = 0 

-100 

-100 

-100 

fJLQ 

*h FE Static Forward Current 

Transfer Ratio 

V C e = — 0.5 v, l c — — 1 a, (See Note 4) 

V C e — - 0.5 v, l c = — 500 ma, (See Note 4) 

V CE = - 0.5 v, l c = - 250 ma, (See Note 4) 

25 

50 150 

200 

25 

50 150 

200 

25 

50 150 

200 


hpE Static Forward Current 

Transfer Ratio 

V C e = - 0.5 v, l c = — 500 ma, 

T c = -55°C, (See Note 4) 

Vce — - 0.5 v, l c = - 500 ma, 

T c = 4- 85 °C, (See Note 4) 

30 150 

50 170 

30 150 

50 170 

30 150 

50 170 


*Vbe Base-Emitter Voltage 

Vce — - 0.5 v, l c = — 500 ma, (See Note 4) 

-0.6 

-0.6 

-0.6 

V 

*V C E(sat) Collector-Emitter 

Saturation Voltage 

l B = - 25 ma, l c = - 500 ma, (See Note 4) 
l B = — 25 ma, l c = - 500ma, c u . .. 
r c = + 85 °c, < See No,e 41 

-0.2 

-0.25 

-0.2 

-0.25 

-0.2 

-0.25 

V 

*hf e Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

Vce — - 3 v , l c = — 100 ma, f = lkc 

50 200 

50 200 

50 200 


*|hfe| Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

Vce = - 3 v, lc = — 100 ma, f = 150 kc 

2.0 

2.0 

2.0 


C ob Common-Base Open-Circuit 

Output Capacitance 

V C b = — 3 v, l E = 0, f = 135 kc 

100 

(typical) 

100 

(typical) 

100 

(typical) 

Pf 


NOTES: 3. These characteristics are measured by a y 2 sine wave sweep method. 

4. These measurements are made with voltage sensing contacts located 0.25 inches from header of transistor. Voltage sensing contacts are separate from current 
carrying contacts. 

^Indicates JEDEC registered data. 
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TYPES 2N2659, 2N2660, 2N2661, 2N2662, 2N2663, 2N2664 
2N2665, 2N2666, 2N2667, 2 N 2668, 2N2669, 2N2670 
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switching characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONS t 

TYPICAL 

UNIT 

t d Delay Time 

lc = -500 ma 

Vbe (OFF) = 7.4 V 

r l = 60 n 

(See Figure 1) 

0.10 

fjisec 

t r Rise Time 

0.22 

fisec 

t s Storage Time 

0.30 

/xsec 

t f Fall Time 

1.25 

/xsec 

t T Total Switching 

Time 

1.9 

/xsec 


•j- Voltage and current values are nominal, except values vary slightly with device parameters. 


PARAMETER MEASUREMENT INFORMATION 

SWITCHING TEST CIRCUIT 

.02 fif 

INPUT I — ) 

O-M/W 



OUTPUT 


+29.6 v 

NOTES: r,x 

(a) The input waveform has the following characteristics: 

t r <10 /*sec, t f < 10 fi sec, PW = 1.6 msec, Duty Cycle = 10% 

(b) Waveforms are monitored on an oscilloscope with the following characteristics: 
t r < 14 /tsec, R in > 10 MO, C in < 11.5 pf. 

(c) Resistors must be non-inductive types. 


VOLTAGE WAVEFORMS 


9QFZoJ- 

] 90%, 

j-v 90% 

OUTPUT | A ^ 

10% 

i 1 1 
Ut L_ 

r r*" 

ij'iL 

-►i td 

+Jt s U- 


-6v 


TYPICAL CHARACTERISTICS 


2N2659 - 2N2664 

COMMON -EMITTER COLLECTOR CHARACTERISTICS 
(Low -Voltage Region) 



2N2665 - 2N2670 

COMMON -EMITTER COLLECTOR CHARACTERISTICS 
(Low -Voltage Region) 
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TYPES 2N2659, 2N2660, 2N2661, 2N2662, 2N2663, 2N2664 
2N2665, 2N2666, 2N2667, 2N2668, 2N2669, 2N2670 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


2N2659 - 2N2664 

COMMON -EMITTER COLLECTOR CHARACTERISTICS 
(High-Voltage Region) 



2N2665 - 2N2670 

COMMON -EMITTER COLLECTOR CHARACTERISTICS 
(High-Voltage Region) 




2N2659 - 2N2664 

STATIC FORWARD CURRENT TRANSFER RATIO 


2N2665 - 2N2670 

STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



0.01 -0.05 -0.1 -0.5 -1 -3 

l c — Collector Current —a 


vs 



-0.01 -0.05 -0.1 -0.5 -1 -3 

l c — Collector Current — a 
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P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 
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O 

I 

I 



2N2659 - 2N2664 

STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



-75 -50 -25 0 25 50 75 100 

Tc — Case Temperature — °C 


2N2665 - 2N2670 

STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



Tc — Case Temperature — °C 


2N2659 - 2N2664 

COLLECTOR -EMITTER SATURATION VOLTAGE 


vs 



0 I i I I I I I I 

-75 -50 -25 0 25 50 75 100 


Tc — Case Temperature — °C 


2N2665 - 2N2670 

COLLECTOR -EMITTER SATURATION VOLTAGE 


vs 



0 I i I i 1 I 1 I 

-75 - 50 -25 0 25 50 75 100 


T c — Case Temperature — °C 
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TYPES 2N2659, 2N2660, 2N2661, 2N2662, 2N2663, 2N2664 
2N2665, 2N2666, 2N2667, 2N2668, 2N2669, 2N2670 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


COMMON -EMITTER TRANSFER CHARACTERISTICS 



0 -0.2 -0.4 -0.6 -0.8 -1.0 

Vbe — Base -Emitter Voltage — v 


2N2659 - 2 N2664 
COLLECTOR CUTOFF CURRENT 
vs 

BASE-EMITTER RESISTANCE 



10 50 100 500 1 K 5 K 10K 


R gE — Base -Emitter Resistance — ohm 

1 1 l I I I l 

+0.01 +0.05 +0.1 +0.5 +1 +5 +10 

V BE — Base-Emitter Voltage — v 


COLLECTOR CUTOFF CURRENT 



Normalized Collector-Emitter Voltage — V CE 


2N2665 - 2N2670 
COLLECTOR CUTOFF CURRENT 
vs 

BASE-EMITTER RESISTANCE 
and 



I 1 1 1 1 I I 

+ 0.01 +0.05 +0.1 +0.5 +1 +5 +10 

V BE — Base-Emitter Voltage — v 
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TYPES 2N2659, 2N2660, 2N2661, 2N2662, 2N2663, 2N2664 
2N2665, 2N2666, 2N2667, 2N2668, 2N2669, 2N2670 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 

TYPICAL CHARACTERISTICS 


2N2659 - 2N2664 

SMALL-SIGNAL COMMON -EMITTER FORWARD 
CURRENT TRANSFER RATIO 


2N2665 -2N2670 

SMALL-SIGNAL COMMON -EMITTER FORWARD 
CURRENT TRANSFER RATIO 



THERMAL CHARACTERISTICS 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 




T a — Free-Air Temperature — °C 
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TYPES 2N3146, 2N3147 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


HIGH-VOLTAGE HIGH- POWER TRANSISTORS 
for 

MILITARY AND INDUSTRIAL APPLICATIONS 


mechanical data 

These transistors are in precision welded, hermetically sealed enclosures. The mounting base provides an 
excellent heat path from the collector junction to a heat sink. The mounting base and heat sink must be 
in intimate contact for maximum heat transfer. Extreme cleanliness and the absence of flux during the 
assembly process prevents sealed-in contamination. 


*ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE. 
*THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 



DIMENSIONS ARE IN INCHES 


6 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

2N3146 2N3147 

Collector-Base Voltage -150 V -180 V 

Collector-Emitter Voltage (See Note 1) -140 V -160 V 

Emitter-Base Voltage -60 V -80 V 

Continuous Collector Current -15 A ^ 

Peak Collector Current (See Note 2) -4 -25 A >• 

Continuous Base Current -3 A >- 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) ^ 150W 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4)^ 1.75W >- 

Operating Case Temperature Range -65°C to 100°C 

Storage Temperature Range -65°C to 100°C 

Lead Temperature Vz Inch from Case for 10 Seconds -< 230°C >- 


NOTES: 1. These values apply when the base-emitter voltage V BE > 0.2 V. 

2. This value applies for t p < 100 ms, duty cycle < 25%. 

3. Derate linearly to 100°C case temperature at the rate of 2 W/ deg. 

4. Derate linearly to 100°C free-air temperature at the rate of 23.3 mW/ deg. 


♦Indicates JEDEC registered data 
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TYPES 2N3146, 2N3147 

P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


* electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

2N3146 

2N3147 

UNIT 

MIN 

MAX 

MIN 

MAX 

V(BR)CEO 

Collector-Emitter 

Breakdown Voltage 

l c = -500 mA, l B = 0 

-65 

-75 

V 

ICBO 

Collector Cutoff Current 

V cb = -150V, I e =0 

-10 


mA 

V CB = -180 V, l E = 0 


-10 

ICEO 

Collector Cutoff Current 

Vce = -45 V, l B = 0 

-60 


mA 

Vce = -50 V, I b = 0 


-60 

Ices 

Collector Cutoff Current 

v CE = -nov, V BE = 0 

-5 


mA 

Vce = -130 V, V BE = 0 


-5 



V CE = —100 V, Vbe = 0.2 V 

-1 





V CE = -120 V, Vbe = 0.2 V 


-1 


Icev 

Collector Cutoff Current 

Vce = -140 V, Vbe = 0.2 V 

-10 


mA 

Vce = -160 V, Vbe = 0.2 V 


-10 



V CE = -80 V, V* = 0.2 V, T c = 70°C 

-5 





Vce = -1 00 V, Vbe = 0.2 V, T c = 70°C 


-5 


IfiBO 

Emitter Cutoff Current 

Veb = -60 V, lc = 0 

-5 


mA 

Veb = -80 V, lc = 0 


-5 


Emitter-Base Floating Potential 

V CB = -150V, I e = 0 

-1 


v 

*EB(fl) 

V CB = —180 V, l E = 0 


-1 



Static Forward Current 

Transfer Ratio 

Vce = -1.5 V, l c = -1 A 

40 

40 


Hfe 

V CE = -1.5 V, l c = -5 A 

30 

90 

30 

90 



V CE = -1.5 V, l c = -10A 

25 

25 


Vbe 

Base-Emitter Voltage 

Vce = -1.5 V, lc = -5 A 

-1.5 

-1.5 

V 


Collector-Emitter 

l B = -0.5 A, lc = -5 A 

-0.4 

-0.4 

Y 

VcE(sat) 

Saturation Voltage 

is = —1 A, lc = —10 A 

-0.5 

-0.5 


Hfe 

Small-Signal Common-Emitter 
Forward Current Transfer Ratio 

Vce = -1.5 V, l c = —3 A, f = 1 kHz 

20 

100 

20 

100 


Hfe 

Small-Signal Common-Emitter 
Forward Current Transfer Ratio 

Vce = -1.5 V, l c = -3A, f= 100 kHz 

2 

5 

2 

5 



thermal characteristics 


PARAMETER 

MAX 

UNIT 

0j_c Junction-to-Case Thermal Resistance 

0.5 

deg/W 

6 j_ A Junction-to-Free-Air Thermal Resistance 

42.8 

deg/W 


"'Indicates JEDEC registered data 
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TYPES TI156, TI156L 

P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


1 25 WATTS at 25°C CASE TEMPERATURE 

for 

RELAY DRIVERS • PULSE AMPLIFIERS • AUDIO AMPLIFIERS 

and 

DIRECT ELECTRICAL EQUIVALENTS of 2N156 

mechanical data 

The transistors are in hermetically sealed welded cases with glass-to-metal seals between case and leads. Approximate 
weight: 5 grams. 

The transistors are furnished with either wire leads (Til 56) or with welded lugs (TI156L) 



absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage —30 V 

Co I lector- Emitter Voltage (See Note 1) —30 V 

Emitter-Base Voltage —15 V 

Collector Current -3 A 

Base Current —1 A 

Total Device Dissipation at (or below) 25°C Case Temperature (See Note 2) 25 W 

Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) 1 W 

Operating Case Temperature Range — 55° C to 100°C 

Storage Temperature Range — 55°Cto100°C 

Lead Temperature 1/16 Inch from Case for 10 Seconds 230°C 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. Derate linearly to 100°C case temperature at the rate of 333 mW/°C. 

3. Derate linearly to 100°C free-air temperature at the rate of 13.3 mW/°C. 
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TYPES Til 56, TI156L 

BULLETIN NO. DL-S 7111649, SEPTEMBER 1971 

REPLACES BULLETIN NO. DL-S 634302, SEPTEMBER 1963 



TYPES TI156, TI156L 

P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

WIRE LEAD 

TI156 

UNIT 

LUG 

TI156L 



MIN MAX 

Collector-Emitter 
v (BR)CEO Breakdown voltage 

Iq = — 250 mA, l E = 0, See Note 4 

-30 

V 

■CBO Collector Cutoff Current 

V C B = -2V, l E = 0 

-0.08 

mA 

V cb = -30V, l E = 0 

-0.65 1 

V C b = -30V, I e = 0, T C = 50° C 

-1.6t 

V CB = -3° V, l E = 0, T C = 85° C 

-8t 

Ices Collector Cutoff Current 

V CE = -30V, V be = 0 

-1.5 

mA 

V C E = -30V, V be = 0, T C =50°C 

-5 

•CEV Collector Cutoff Current 

Vce = -30 V, V BE = 0.5 V, T C = 85° C 

-8t 

mA 

lEBO Emitter Cutoff Current 

V EB = —2 V, l C =0 

-0.08 

mA 

V EB = — 15 V, l C = 0 

-0.5 

V EB = — 15 V, 1 C ~ 0, T C = 50° C 

-1 

V EB = — 15 V, l C = 0, T C = 85° C 

-5 

Static Forward Current 

hpE 

Transfer Ratio 

Vce = -2 v, 1 c = — 1 A, See Note 5 

15 


VcE = -2V, I C = -500 mA, See Note 5 

25 75 

Vqe = —2 V, l c = -250 mA, See Note 5 

30 100 

V BE Base-Emitter Voltage 

Vqe - —2 V, lc=— 500 mA, See Note 5 

-0.6+ 

V 

Vqe = —2 V, lc=-1A, See Note 5 

-1 

Collector-Emitter 

VcE(sat) saturation Voltage 

l B = — 100 mA, 1 q = — 1 A, See Note 5 

-0.25+ 

V 

Common-Emitter 

Forward Current 
hfe Transfer Ratio 

Cutoff Frequency 

V C E = -2 V, l C = -500 mA, f = 1 kHz(ref) 

6 

kHz 

fj Transition Frequency 

Vce ~ —2 V, l C = -250 mA, f= 100 kHz, See Note 6 

220 

kHz 


thermal characteristics 


PARAMETER 

MAX 

UNIT 

RflJC Junction-to-Case Thermal Resistance 

3 

°c/w 

^0JA Ju nction- to-Free-Air Thermal Resistance 

75 

°c/w 


NOTES: 4. These characteristics are measured by a half-sine-wave sweep method. 

5. These measurements are made with voltage-sensing contacts located 0.25 inches from header of transistor. Voltage-sensing 
contacts are separate from current-carrying contacts. 

6. To obtain f-y, the lhf e l response with frequency is extrapolated at the rate of —6 dB per octave from f = 100 kHz to the frequency 
at which lhf e l = 1 . 

+ These values surpass JEDEC registered values of the 2N156. 
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TYPES Til 59, TI160, TI161, TI162 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


40, 60, 80 or 100 VOLT UNITS 
20 WATTS AT 25°C CASE TEMPERATURE 
1.4 WATTS IN FREE AIR 
Guaranteed Beta at 1 amp and 50 ma l c 


Guaranteed Icex at 85° C 
LOW r cs . LOW l (0 . LOW V BE 
for 

RELAY DRIVERS - PULSE AMPLIFIERS 
SERVO AMPLIFIERS- AUDIO AMPLIFIERS 


mechanical data 

The transistors are in hermetically-sealed welded cases with glass-to-metal seals between case and 
leads. Approximate weight: 4.8 grams. 



absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) .... 

Emitter-Base Voltage 

Collector Current 

Base Current 

Total Device Dissipation at (or below) 

25°C Case Temperature (See Note 2) ... . 

Total Device Dissipation at (or below) 

25°C Free-Air Temperature (See Note 3) . . . 

Operating Case Temperature Range 

Storage Temperature Range 

Lead Temperature, Ks Inch from Case for 10 Seconds 


TI159 TI160 Tl 161 

40 v 60 v 80 v 

40 v 60 v 80 v 

20 v 

3 a 

1 a 

20 w 

-M 1.4 w 

- « 55°C to + 100°C 

55°C to + 100°C 

230°C 


Til 62 
100 V 
100 v 


NOTES: 1. This value applies when base-emitter voltage V Bg = + 0.2 v. 

2. Derate linearly to 100°C case temperature at the rate of 267 mw/C°. 

3. Derate linearly to 100°C free-air temperature at the rate of 18.7 mw/C°. 
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TYPES Til 59, Til 60, Til 61, Til 62 
BULLETIN NO. DL-S 634413, DECEMBER 1963 



TYPES TI159, TI160, TI161, TI162 

P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 



6-70 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TYPE 

MIN MAX 

UNIT 

Collector-Base 

CB0 Breakdown Voltage 

l c = - 650 fJLQ, l E = 0 

Til 59 

— 40 

V 

Til 60 

-60 

Til 61 

-80 

Til 62 

-100 

Collector-Emitter 

CEO Breakdown Voltage 

lc = - 100 ma, l B = 0 

Til 59 

-30 

V 

TI160 

-40 

Til 61 

-50 

Til 62 

-60 

Icbo Collector Cutoff Current 

V C B = - 20 v, U — 0 

Til 59 

-125 

fJLQ 

Vcb = — 30 v, l E = 0 

Til 60 

V C b = — 40 v, U = 0 

Til 61 

V CB = -50 v, U = 0 

Til 62 

Iceo Collector Cutoff Current 

V C e — - 15 v, l B = 0 

Til 59 

-25 

ma 

V C e — 20 v, l B = 0 

Til 60 

-20 

Vce = -25v, I b = 0 

TI161 

-20 

Vqe = — 30 v, l B = 0 

Til 62 

-20 

Icex Collector Cutoff Current 

V CE = — 40 v, V BE = + 0.2 v 

Til 59 

-650 

flQ 

V CE = — 60 v, V BE =+0.2v 

Til 60 

V CE = — 80 v, Vbe=:+0.2v 

TI161 

Vce = -100 v, Vb£ = +0.2 v 

Til 62 

Icex Collector Cutoff Current 

V CE = -20 V, V re = + 0.2 v, T c = + 85°C 

Til 59 

-5 

ma 

V CE = -30 v, V re = + 0.2 v, T c = + 85°C 

Til 60 

V CE = -40 v, V re = + 0.2 V, T c = + 85°C 

Til 61 

V CE = -50 *, V re = + 0.2 V, T c = + 85°C 

Til 62 

Iebo Emitter Cutoff Current 

Veb = — 20 v, l c = 0 


-650 

/xa 

^ Static Common- Emitter 

IE Input Impedance 

V C e = — 0.5 v, lc — — 1 a, (See Note 4) 


60 

ohm 

, Static Forward 

FE Current Transfer Ratio 

V CE = -0.5 v, l c = - 1 a, (See Note 4) 


20 60 


V C e — ~ 0.5 v, lc = - 50 ma 

33 200 

V CE = -0.5 v, l c = -I a, T c = -55°C, 

(See Note 4) 

15 60 

V CE = -0.5v, lc = - 1 a, T c = + 85°C, 

(See Note 4) 

20 75 

Static Common-Emitter 
ypE Forward Transfer Admittance 

V C e — — 0.5 v, l c = - 1 a, (See Note 4) 


1.0 

mho 

V B e Base-Emitter Voltage 

V C e = -0.5 v, l c = - 1 a, (See Note 4) 


-1.0 

V 

Vce = - 0.5 v # l c = — 50 ma 

-0.35 

v Collector-Emitter 

CE,sat| Saturation Voltage 

l B = -100 ma, lc = — 1 a, (See Note 4) 


-0.25 

V 

. Small-Signal Common-Emitter 

fe Forward Current Transfer Ratio 

V CE = -1.5 v, l c = -0.5 a, f = 1 kt 


18 72 


| Small-Signal Common-Emitter 

' fe ' Forward Current Transfer Ratio 

Vce = - 1.5 v, lc = -0.5 a, f = 112.5 kt 


2.0 


- Common-Base Open-Circuit 

ob Output Capacitance 

Vcb = -6v, I e = 0, f — 1 35 kc 


100 

(typical) 

Pi 


NOTE 4: Measurements are made with voltage sensing contacts located 0.25 inches from header of transistor. 
Voltage sensing contacts are separate from current carrying contacts. 
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TYPES TI159, TI160, TI161, TI162 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


COMMON -EMITTER COLLECTOR 
CHARACTERISTICS 



Vce — Collector-Emitter Voltage — v 


COMMON -EMITTER TRANSFER 
CHARACTERISTICS 



Vre — Base -Emitter Voltage — v 


6 


STATIC FORWARD CURRENT TRANSFER RATIO 
vs 


COLLECTOR CURRENT 



l c — Collector Current — a 


STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



-75 - 50 - 25 0 25 50 75 1 00 

T c — Case Temperature — °C 
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TYPES TI159, TI160, TI161, TI162 

P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


COLLECTOR CUTOFF CURRENT vs BASE-EMITTER RESISTANCE 

and 


COLLECTOR CUTOFF CURRENT 


§ 

I 

c 

£ 

D 

u 


-100 

-50 


-10 

-5 


-1 

-0.5 


- 0.1 

-0.05 


- 0.01 



r be — Base-Emitter Resistance — ohm 
1 L 1 1 


+ 0.01 +0.05 +0.1 +0.5 H 

V BE — Base-Emitter Voltage — v 


1.0 


T1160 
TI161 
Til 62 


-12 

-16 

-20 


-24 

-32 

-40 


-36 

-48 

-60 


-48 

-64 

-80 


V CE — Col lector -Emitter Voltage — v 


- 60 
- 80 
-100 


THERMAL CHARACTERISTICS 



Tc — Case Temperature — °C 


FREE-AIR TEMPERATURE 



0 25 50 75 100 

Ta — Free -Air Temperature — °C 
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TYPES TI3027, TI3028 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


HIGH-POWER TRANSISTORS 
for 

CONSUMER APPLICATIONS 


mechanical data 


These transistors are in a resistance-welded, hermetically sealed enclosure. The mounting base provides 
an excellent heat path from the collector junction to a heat sink. The entire mounting base must be in inti- 
mate contact with the heat sink for maximum heat transfer. A minimum torque of 10 inch-pounds applied 
to each of the mounting screws is recommended for mounting the device to the heat sink. Extreme clean- 
liness and the absence of flux during the assembly process prevents sealed-in contamination. 


ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 
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absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Continuous Collector Current 

Continuous Base Current 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 2) 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) 

Operating Case Temperature Range 

Storage Temperature Range 

Lead Temperature Vb Inch from Case for 10 Seconds 


TI3027 TI3028 

-45 v -60 v 

—40 v —50 v 

-20 v 
-7 a 
-3 a 
106 w 
2 w 

. — 65°C to +100°C 
. — 65°C to +100°C 
.■< — 230°C — 


NOTES: 1. These values apply when the base-emitter resistance R BE < 68 0. 

2. Derate linearly to 110°C case temperature at the rate of 1.25 w/°C. 

3. Derate linearly to 110°C free-air temperature at the rate of 23.5 mw/°C. 
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TYPES TI3027, TI3028 

BULLETIN NO. DL-S 695053, APRIL 1964 

REVISED MAY 1969 




TYPES TI3027, TI3028 

P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TI3027 

TI3028 

UNIT 

MIN MAX 

MIN MAX 

BVcbo Collector-Base Breakdown Voltage 

l c — -5 ma, l E = 0 

-45 

-60 

V 

BVcer Collector-Emitter Breakdown Voltage 

l c = -600 ma, Rbe = 68fl , See Note 4 

-40 

-50 

V 

Icbo Collector Cutoff Current 

Vcb = -2 v, l E = 0 

-0.15 

-0.15 

ma 

Vcb — —30 v, Ie — 0 

-1 


V CB = -40 v, i E = 0 


-1 

Iebo Emitter Cutoff Current 

V EB = -20 v, lc = 0 

-1 

-1 

ma 

h F E Static Forward Current Transfer Ratio 

V CE = -2 v, lc = -1 a, See Note 4 

70 

70 


Vce = -2 v, l c = -3 a, See Note 4 

40 250 

40 250 

V B e Base-Emitter Voltage 

V C e = -2 v, l c = -1 a, See Note 4 

-0.5 

-0.5 

V 

V C e — —2 v, l c = -3 a, See Note 4 

-1.0 

-1.0 

VcE(sat) Collector-Emitter Saturation Voltage 

Is = -100 me, l c = -1 a, See Note 4 

-0.4 

-0.4 

V 

Ib = -300 ma, l c = -3 a, See Note 4 

-0.5 

-0.5 

i. | Small-Signal Common-Emitter 

' fe ' Forward Current Transfer Ratio 

V C e — — 2 v, l c = -1 a, f = 100 kc 

2 

2 



NOTE 4: These parameters must be measured using pulse techniques. PW — 300 /jl sec. Duty Cycle < 2%. 


thermal characteristics 


PARAMETER 

TEST CONDITIONS 

MAX 

UNIT 

0J-C 

Junction-to-Case Thermal Resistance 

See notes in Thermal 

Characteristics section 

0.8 

# C/w 

0J.HS 

Junction-to-Heat-Sink Thermal Resistance 

1.4 

°C/w 

0J-A 

Junction-to-Free-Air Thermal Resistance 

42.5 

°C/w 


NUMERICAL SYSTEM FOR h FE CODING 


Upon request the transistors will be numerically coded to identify matched pairs. The transistors are 
in-house classified into 2-db (ratio 1.26 to 1) h F E brackets and any two units within a bracket constitute a 
matched pair. A 10% tolerance is included in the bracket limits shown below to allow for test-set correla- 
tion. 


No hpE-bracket distribution is implied by this classification system. 

BRACKET h FE RANGE at 

NUMBER V C e = -2 v, l c = -3a 


1 

2 

3 

4 

5 

6 
7 


40- 60 
50- 80 
65 - 100 
80- 125 
100- 150 
125 - 200 
160-250 
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TYPES TI3027, TI3028 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


THERMAL CHARACTERISTICS 


CASE TEMPERATURE 
and 


HEAT-SINK TEMPERATURE 
DISSIPATION DERATING CURVES 

120 « 1 1 1 r 



0 25 50 75 100 125 


FREE-AIR TEMPERATURE 



0 25 50 75 100 125 


or T H s — T emperature — °C 

FIGURE 1 


T a — F ree-Air Temperature — °C 

FIGURE 2 


0j. A is the thermal resistance from the junction of the transistor to free-air. The curve shown above was determined by 
positioning the transistor in the center of a box 12 inches by 12 inches by 12 inches with the temperature measured 
two inches below the transistor. 


0j-c is the thermal resistance from the junction of the transistor to the point on the mounting base of the transistor case 
specified on the outline drawing. 

0c-hs is the thermal resistance from the mounting base of the transistor case to the mounting surface of the heat sink. 
The heat sink used to determine this value was a smooth, flat, copper plate, with the thermocouple mounted 0.05 inch 
below the mounting surface in an area beneath the center of the transistor. The transistor was mounted directly to a 
clean, dry, heat-sink surface, without the use of silicone grease, and a torque of ten inch-pounds was applied to each 
of the mounting screws. 

0j-hs is the thermal resistance from the junction of the transistor to the mounting surface of the heat sink. 

0j-hs — 0j-c + 0c-hs 

The dissipation levels shown above are verified statistically by operating-life tests. 
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TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 



l c — Collector Current — a 

FIGURE 3 


BASE- EMITTER VOLTAGE and 



> o t 1 I I I I I I 

0 -1 -2 -3 -4 -5 -6 -7 


l c — Collector Current -—a 

FIGURE 4 
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TYPES TI3027, TI3028 

P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


TYPICAL APPLICATION DATA 

CLASS B AUDIO AMPLIFIER 



. . ( -40 v (TI3027) 

Vcc t -45 v (T 1 3028) 

Maximum Collector Power 
Dissipation per Transistor: 

5.0 w (T 1 3027) 

6.25 w (T 1 3028) 



TYPICAL CIRCUIT PERFORMANCE CHARACTERISTICS 

T a = 25°C / f = lOOOcps (except where noted) 


Minimum RMS Power Output at 5 % Total Harmonic Distortion 

Minimum Power Gain 

Frequency Response 

D-C Collector Current with Zero Signal 

D-C Collector Current with Maximum Signal ...... 

Peak Collector Current with Maximum Signal 

Input lmpedance / Base-to-Base 


TI3027 TI3028 

20 w 25 w 

18 db 20 db 

20 to 20,000 cps 
-0.05 a -0.05 a 

-1.25 a -1.10 a 

—3.9 a —3.5 a 

73 a 68 a 




CIRCUIT COMPONENT INFORMATION 


TI3027 

TI3028 

C: Selected to meet desired low-frequency response. Work- 

R.: 

o.56 ft, 1 w 

0.56 ft, 1 w 

ing voltage equals 40 v. 

R 2 : 

125 ft, 5 w 

150 ft, 5 w 

T: Driver transformer primary-winding impedance, current- 

R 3 : 

Speaker 

Impedance: 

1.1 ft, Hw 

1.2 ft, '/2W 

carrying capacity, and d-c resistance are determined by 
large-signal characteristics of driver stage. Secondary 

8ft 

8ft 

windings are bifilar wound. The a-c impedance of each 
secondary winding equals 18 ohms for TI3027 and 17 

All resistors 

1 1 0% tolerance 


ohms for TI3028. 
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mechanical data 


TYPES TI3029, TI3030, TI3031 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


HIGH-POWER TRANSISTORS 
for 

CONSUMER APPLICATIONS 


These transistors are in a resistance-welded, hermetically sealed enclosure. The mounting base provides 
an excellent heat path from the collector junction to a heat sink. The entire mounting base must be in inti- 
mate contact with the heat sink for maximum heat transfer. A minimum torque of 10 inch-pounds applied 
to each of the mounting screws is recommended for mounting the device to the heat sink. Extreme clean- 
liness and the absence of flux during the assembly process prevents sealed-in contamination. 


ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE. 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 




DIMENSIONS ARE IN INCHES 


6 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Continuous Collector Current 

Continuous Base Current 

Continuous Device Dissipation at (or below) 25°C Case Temperature(See Note 2) 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) 

Operating Case Temperature Range 

Storage Temperature Range 

Lead Temperature Vs Inch from Case for 10 Seconds 


TI3029 

TI3030 

-80 v 

-100 v 

-55 v 

-60 v 

^ 

-20 v 

< 

-7 a 

4. 

—3 a 

— 

106 w 

« 

2 w 


TI3031 

-120 v 
-65 v 


— 65°C to +100 
— 65°C to +100 
— 230°C 


°C 

°C 


NOTES: 1. These values apply when the base-emitter resistance R BE < 68 it. 

2. Derate linearly to 110°C case temperature at the rate of 1 25 w/°(. 

3. Derate linearly to 110°C free-air temperature at the rate of 23 5 mw/°C. 
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TYPES TI3029, TI3030, TI3031 

P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TI3029 

TI3030 

TI3031 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

BVcbo Collector-Base Breakdown Voltage 

lc — -5 ma, l E = 0 

-80 

-100 

-120 

V 

BVcer Collector-Emitter Breakdown Voltage 

l c = -600 ma, R B e = 68 IT, See Note 4 

-55 

-60 

-65 

V 

Icbo Collector Cutoff Current 

Vcb = -2 v, l E = 0 

-0.15 

-0.15 

-0.15 

ma 

V CB = —50 v, l E = 0 

-1 



V C b = —60 v, l E — 0 


-1 


V CB — —70 v, l E = 0 



-1 

Vcb = —50 v, l E = 0,T C = + 70°C 

-10 



V cb = -60v, I e = 0,T c = + 70°C 


-10 


Vcb = -70 v, l E = 0,I C = +70°C 



-10 

Iebo Emitter Cutoff Current 

Veb — —20 v, l c = 0 

-1 

-1 

-1 

ma 

Static Forward Current 
hpE Transfer Ratio 

V C e = -2 v, l c = -1 a, See Note 4 

70 

70 

70 


Vce — -2 v, l c = -3 a, See Note 4 

40 250 

40 250 

40 250 

V CE = -2 v, l c = -5 a, See Note 4 

30 

30 

30 

V B e Base-Emitter Voltage 

Vce = -2 v, l c = -3 a, See Note 4 

-1.0 

-1.0 

-1.0 

V 

V C e — -2 v, l c = -5 a, See Note 4 

-1.5 

-1.5 

-1.5 

Collector-Emitter 

VcE(sat) Saturation Voltage 

l B = -300 ma, l c ■— -3 a, See Note 4 

-0.5 

-0.5 

-0.5 

V 

i 8 = -500 ma, l c = -5 a, See Note 4 

-0.7 

-0.7 

-0.7 

■ | Small-Signal Common-Emitter 

l hfe ' Forward Current Transfer Ratio 

Vce = -2v, l c = -1 a,f - 100 kc 

2 

2 

2 



NOTE 4: These parameters must be measured using pulse techniques. PW = 300 fi sec, Duty Cycle 2%. 

thermal characteristics 


PARAMETER 

TEST CONDITIONS 

MAX 

UNIT 

0j.c Junction-to-Case Thermal Resistance 

See notes in Thermal 
Characteristics section 

0.8 

°C/w 

0j. H s Junction-to-Heat-Sink Thermal Resistance 

1.4 

°C/w 

0j. A Junction-to-Free-Air Thermal Resistance 

42.5 

°C/w 


NUMERICAL SYSTEM FOR h FE CODING 


Upon request the transistors will be numerically coded to identify matched pairs. The transistors are in-house classified 
into 2-db (ratio 1.26 to 1) h F E brackets and any two units within a bracket constitute a matched pair. A 10% tolerance 
is included in the bracket limits shown below to allow for test-set correlation. 


No hpE-bracket distribution is implied by this classification system. 


BRACKET 

NUMBER 

1 

2 

3 

4 

5 

6 
7 


h re RANGE at 
V ce = —2 v, lc = —3 a 
40- 60 
50- 80 
65- 100 
80-125 
100-150 
125-200 
160-250 
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TYPES TI3029, TI3030, TI3031 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


THERMAL CHARACTERISTICS 

CASE TEMPERATURE 
and 


HEAT -SINK TEMPERATURE 
DISSIPATION DERATING CURVE 

120 , 1 1 1 r 



0 25 50 75 100 125 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 

2.5 

2.0 

1.5 

1.0 

0.5 

0 

0 25 50 75 100 125 








\ 

VI 

< 

o 

42.5°C/vs 




V 






\ 





\ 



T^ or T^s — Temperature — °C 


T a — F ree-Air Temperature — °C 


FIGURE 1 


FIGURE 2 


0j- A is the thermal resistance from the junction of the transistor to free-air. The curve shown above was determined by 
positioning the transistor in the center of a box 12 inches by 12 inches by 12 inches with the temperature measured 
two inches below the transistor. 


0j.c is the thermal resistance from the junction of the transistor to the point on the mounting base of the transistor 
case specified on the outline drawing. 

0c-hs is the thermal resistance from the mounting base of the transistor case to the mounting surface of the heat sink. 
The heat sink used to determine this value was a smooth, flat, copper plate, with the thermocouple mounted 0.05 inch 
below the mounting surface in an area beneath the center of the transistor. The transistor was mounted directly to a 
clean, dry, heat-sink surface, without the use of silicone grease, and a torque of ten inch-pounds was applied to each 
of the mounting screws. 

0j-hs is the thermal resistance from the junction of the transistor to the mounting surface of the heat sink. 

0j-hs — 0j-c + 0c-hs 

The dissipation levels shown above are verified statistically by operating-life tests. 


TYPICAL CHARACTERISTICS 
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STATIC FORWARD CURRENT TRANSFER RATIO 



l c — Collector Current — a 

FIGURE 3 


BASE- EMITTER VOLTAGE 
and 

COLLECTOR- EMITTER SATURATION VOLTAGE 



0 -1 -2 -3 -4 -5 -6 -7 

l c — Collector Current — a 

FIGURE 4 
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TYPES TI3029, TI3030, TI3031 

P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


TYPICAL APPLICATION DATA 


CLASS B AUDIO AMPLIFIER 




/-50 v (T 1 3029) 
V cc = <-60v (T 1 3030) 
1-74 v (T 1 303 1 ) 

Maximum Collector Power 
Dissipation per Transistor: 

8.75 w (T 1 3029) 

12.5 w (T 1 3030) 

17.5 w (TI3031) 


TYPICAL CIRCUIT PERFORMANCE CHARACTERISTICS 

T a = 25°C, f = 1000 cps (except where noted) 


Minimum RMS Power Output at 5% Total Harmonic Distortion 

Minimum Power Gain 

Frequency Response 

D-C Collector Current with Zero Signal 

D-C Collector Current with Maximum Signal 

Peak Collector Current with Maximum Signal 

Input Impedance, Base-to-Base 


TI3029 

TI3030 

TI3031 

35 w 

50 w 

70 w 

. 26 db 

25 db 

20 db 

^ 

20 to 20,000 cps 

— > 

. -0.05 a 

-0.05 a 

-0.05 a 

. -0.95 a 

-1.10a 

-2.22 a 

. -3.0 a 

-3.5 a 

-7.0 a 

. 88.5 o 

74.5 0 

69(2 


CIRCUIT COMPONENT INFORMATION 



TI3029 

TI3030 

TI3031 

R.: 

0.27 n, y 2 w 

0.27 o, y 2 w 

0.47 O, 3 w 

R 2 : 

330 O, 2 w 

250 O, 5 w 

150 (2, 10 w 

R 3 : 

2.2 (2, V2 w 

1.2 o, y 2 w 

0.56 o, y 2 w 

Speaker 

Impedance: 

8 0 

8 O 

4 O 


All resistors it 10% tolerance 


C: Selected to meet desired low-frequency response. Work- 
ing voltage should be greater than 85% of V C c- 

T: Driver transformer primary-winding impedance, current- 
carrying capacity, and d-c resistance are determined by 
large-signal characteristics of driver stage. Secondary 
windings are bifilar wound. The a-c impedance of each 
secondary winding equals one-fourth of base-to-base in- 
put impedance. 
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TYPES 2N1595 THRU 2N1599 
P-N-P-N DIFFUSED SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


1 AMP DC • 50 to 400 VOLTS 


*mechanical data 


33 00 H 
m C -< 
■o r 
r r m 
> m w 
OHM 

"gS 

c o W 

r ° T 

m r ± 

d in ? 

•7 *“ 



00 to 

O 


c 2 
Z (£> 


^absolute maximum ratings over operating case temperature range (unless otherwise noted) 



2N1595 

2N1596 

2N1597 

2N1598 

2N1599 

C 

z 

H_ 

Static Off-State Voltage, Vq (See Note 1) 

50 

100 

200 

300 

400 

V 

Repetitive Peak Off-State Voltage, Vqrm (See Note 1) 

50 

100 

200 

300 

400 

V 

Static Reverse Voltage, Vr (See Note 1) 

50 

100 

200 

300 

400 

V 

Repetitive Peak Reverse Voltage, Vrrm (See Note 1) 

50 

100 

200 

300 

400 

V 

Continuous or RMS On-State Current at (or below) 80° C 

Case Temperature (See Note 2) 

1 

A 

Average On-State Current (180° Conduction Angle) at (or below) 80° C 

Case Temperature (See Note 3) 

1 

A 

Surge On-State Current (See Note 4) 

15 

A 

Operating Case Temperature Range 

-65 to 125 

°C 

Storage Temperature Range 

-65 to 150 

°C 

Lead Temperature 1/16 Inch from Case for 10 Seconds 

300 

°C 



NOTES: 1 . These values apply when the gate-cathode resistance Rqk<®. 

2. This value applies for continuous d-c operation with resistive load. Above 80°C derate according to Figure 1. 

3. This value may be applied continuously under single-phase, 60-Hz, half-sine-wave operation with resistive load. Above 80°C derate 
according to Figure 1. 

4. These values apply for one 60-Hz half sine wave when the device is operating at (or below) rated values of peak reverse voltage and 
on-state current. Surge may be repeated after the device has returned to original thermal equilibrium. 

*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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TYPES 2N1595 THRU 2N1599 

P-N-P-N DIFFUSED SILICON REVERSE-BLOCKING TRIODE THYRISTORS 
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electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN MAX 

UNIT 

*1 d Static On-State Current 

V D = Rated V D , l G = 0, T C =125°C 

1 

mA 

* 1 r Static Reverse Current 

V R = Rated V R , l G = 0, Tc=125°C 

1 

mA 

*I(3T Gate T rigger Cu rrent 

V A a = 6V, R|_=12ft, tp(g)>20/is 

10 

mA 

*V G y Gate Trigger Voltage 

V AA = 6 V, R l = 1 2 12, t p( g)>20MS 

3 

V 

Ir Holding Current 

R l = 1 kft, l G = 0 

25 

mA 

*Vy On-State Voltage 

l T = 1 A, R GK > 1 kft 

2 

V 


*JEDEC registered data 


THERMAL INFORMATION 


< 

E 

D 

E 

x 

(D 

> 

(a 

H 



25 50 75 100 

Tc— Case Temperature— °C 

FIGURE 1 


125 


MAXIMUM AVERAGE ANODE POWER DISSIPATION 
vs 



*T(av) — Avera 9 e On-State Current— A 

FIGURE 2 
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TYPES 2N1595 THRU 2N1599 
P-N-P-N DIFFUSED SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


TYPICAL CHARACTERISTICS 


STATIC OFF-STATE CURRENT 
vs 



Tq— C ase Temperature— °C 


FIGURE 3 


STATIC REVERSE CURRENT 
vs 

CASE TEMPERATURE 



HOLDING CURRENT 
vs 



-75 -50 -25 0 25 50 75 100 125 

Tq— C ase Temperature— °C 

FIGURE 5 
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TYPES 2N1595 THRU 2N1599 

P-N-P-N DIFFUSED SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


TYPICAL CHARACTERISTICS 


GATE TRIGGER CURRENT 
vs 

CASE TEMPERATURE 


8 



® 3 

(O 

O 

I 

H o 

u 2 


1 

0 

-75 -50 -25 0 25 50 75 100 125 

Tc~ Case Temperature— °C 

FIGURE 6 


GATE TRIGGER VOLTAGE 
vs 



Tq— C ase Temperature— °C 


FIGURE 7 


GATE VOLTAGE 
vs 



0.1 0.2 0.4 0.7 1 2 4 7 10 20 40 70 100 

+Iq— P ositive Gate Current— mA 

FIGURE 8 
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TYPES 2N3001, 2N3002, 2N3003, 2N3004 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


350 mA • 30 to 200 VOLTS • 20 juA GATE SENSITIVITY 
ALL PLANAR, OXIDE-PASSIVATED JUNCTIONS 
NO SOLDER OR FLUXES 

• High Operating Temperatures 

• High Surge Current Capability 

• Fast Switching Speeds 

• Low Forward Voltage Drop 

mechanical data 

The devices are in a hermetically sealed welded case with a glass-to-metal seal between case and leads. Approximate 
weight is 0.35 grams. 



*THE ANODE IS IN ELECTRICAL CONTACT WITH THE CASE 




ALL DIMENSIONS ARE 
IN INCHES UNLESS 
OTHERWISE SPECIFIED 


*ALL JEDEC TO-18 DIMENSIONS AND NOTES ARE APPLICABLE 


Hjl 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



2N3001 

2N3002 

CO 

Z 

CM 

2N3004 

UNIT 

"Static Off-State Voltage, Vq (See Note 1) 1 

30 

60 

100 

200 

V 

"Repetitive Peak Off-State Voltage, Vqrm (See Note 1) 

30 

60 

100 

200 

V 

"Static Reverse Voltage, Vr (See Note 2) 

30 

60 

100 

200 

V 

"Repetitive Peak Reverse Voltage, Vrrm (See Note 2) 

30 

60 

100 

200 

V 

"Continuous or RMS On-State Current at (or below) 55°C Free-Air Temperature (See Note 3) 

350 

mA 

"Average On-State Current (180° Conduction Angle) at (or below) 

55° C Free-Air Temperature (See Note 4) 

250 

mA 

"Surge On-State Current (See Note 5) 

6 

A 

Peak Negative Gate Voltage 

8 

V 

"Peak Positive Gate Current (Pulse Width < 8 ms) 

250 

mA 

"Average Gate Power Dissipation 

100 

mW 

"Operating Free-Air Temperature Range 

-65 to 150 

°C 

"Storage Temperature Range 

-65 to 200 

°C 

"Lead Temperature 1/16 Inch from Case for 10 Seconds 

300 

°C 


NOTES: 1. These values apply when the gate-cathode resistance Rqk ^ 1 k£2. 

2. These values apply when the gate-cathode resistance Rqk ^ 00 • 

3. This value applies for continuous d-c or single-phase, 60-Hz, half-sine-wave operation with resistive load. Above 55 C, derate 
according to Figure 1. 

4. This value may be applied continuously under single-phase, 60-Hz, half-sine-wave operation with resistive load. Above 55 C, 
derate according to Figure 1. 

5. This value applies for one 60-Hz half sine wave when the device is operating at (or below) rated values of peak reverse voltage and 
on-state current. Surge may be repeated after the device has returned to original thermal equilibrium. 

•JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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TYPES 2N3001, 2N3002, 2N3003, 2N3004 

P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


“electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

C 

z 

Ip Static Off -State Current 

Vq = Rated Vp, Rqk = 1 k £2 

0.1 

HA 

V D = Rated V D , R G K = 1 T A = 150°C 

100 

Ir Static Reverse Current 

Vr = Rated Vr, Rqk = 00 

0.1 

juA 

Vr = Rated Vr, Rqk = °°» T A ~ 150°C 

100 

l G Gate Current 

V G - -5 V, l A - 0 

-5 

HA 

l G j Gate Trigger Current 

V AA = 5V, Rl = 12 £2, t p (g)>10Ms 

5 20 

HA 

V G y Gate Trigger Voltage 

V AA = 5V, R L = 12fi, t p (g)>10jus, T A = — 65°C 

0.9 

V 

V AA = 5 V, RL=12fi, t p (g)>10jus 

0.55 0.7 

V AA = 5 V, R l = 12 £1, t p (g)>10jus, T A = 150°C 

0.2 

Ij-j Holding Current 

Rqk = 1 k£2, R l = 2 k£2 

1.2 3 

mA 

Rqk = 1 R|_ = 2 k£2, T A = — 65° C 

4 

Vj On-State Voltage 

lj = 350 mA, Rqk > 1 k£2, See Note 6 

1.2 

V 

dv/dt Critical Rate of Rise of Off-State Voltage 

V D =1 V 

400 

V/ms 


NOTE 6: The initial instantaneous value is measured using pulse techniques. On-state pulse width = 300 jUs, PRR = 100 pps. 
*JEDEC registered data 


switching characteristics at 25° C free-air temperature 


PARAMETER 

TEST CONDITIONS 

2N3004 

UNIT 

TYPICAL 

tgt Gate-Controlled Turn-On Time 

V AA = 200 V, R L = 2.2kfi, R G = 100ft, V in = 3 V, 
See Figure 14 

0.3 

MS 

tq Circuit-Commutated T urn-Off Time 

V AA = 50 V, R L =140ft, 

1N645 between gate and cathode. See Figure 15 

3.5 


thermal characteristics 


PARAMETER 

TYPICAL 

UNIT 

R(9JC Junction-to-Case Thermal Resistance 

75 

°C/W 

RfljA Junction-to-Free-Air Thermal Resistance 

275 



T A — Free-Air Temperature— °C 

FIGURE 1 
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TYPES 2N3001, 2N3002, 2N3003, 2N3004 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


ANODE CHARACTERISTICS 


STATIC OFF-STATE CURRENT 
vs 

FREE-AIR TEMPERATURE 



STATIC REVERSE CURRENT 
vs 


FREE-AIR TEMPERATURE 



TYPICAL ON-STATE VOLTAGE 


vs 



0.01 0.1 1 10 
lj— On-State Current— A 

FIGURE 4 


TYPICAL HOLDING CURRENT 
vs 

FREE-AIR TEMPERATURE 



T^— Free-Air Temperature— °C 

FIGURE 5 


NOTE 7: These parameters were measured using pulse techniques. t w = 300 jus, PRR = 10 pps. 
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TYPES 2N3001, 2N3002, 2N3003, 2N3004 

P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


GATE CHARACTERISTICS 


GATE TRIGGER CURRENT 
vs 



-75 -50 -25 0 25 50 75 100 125 150 

T^— Free- Air Temperature— °C 

FIGURE 6 


GATE TRIGGER VOLTAGE 



-75 -50 -25 0 25 50 75 100 125 150 

Tj\— Free-Air Temperature— °C 

FIGURE 7 


TYPICAL GATE VOLTAGE 
vs 


POSITIVE GATE CURRENT 



+Iq— P ositive Gate Current— mA 


FIGURE 8 


CJ 

I 

t5 

> 


TYPICAL GATE TRIGGER VOLTAGE 
vs 



0.01 0.1 1 10 100 
tp(g)— Gate Pulse Width— jus 

FIGURE 9 


NOTES: 7. These parameters were measured using pulse techniques. t w = 300 jus, PRR = 10 pps. 

8. These parameters were measured using single-pulse techniques. t w = 300 jus, duty cycle = 0. 
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TYPES 2N3001, 2N3002, 2N3003, 2N3004 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


TYPICAL SWITCHING CHARACTERISTICS, Ta = 25°C 


2N3004 

GATE-CONTROLLED TURN-ON TIME 
vs 



0.1 1 10 100 
Vj n — Input Pulse Amplitude— V 

FIGURE 10 


2N3004 

GATE-CONTROLLED TURN-ON TIME 
vs 

ANODE SUPPLY VOLTAGE 



FIGURE 11 


2N3004 

GATE-CONTROLLED TURN-ON TIME 
vs 



1 10 100 1000 
If— On-State Current— mA 


FIGURE 12 


2N3004 

CIRCUIT COMMUTATED TURN-OFF TIME 


20 


16 


12 


ON-STATE CURRENT 


E 

E 

a 

i 


R L = . 

50 V 

it 

rg 


10 



See Fi 

jure 15 

' 






rg 

_ 

Kleff) 














Rg' 

K(eff) = 

ioo n 





IN 

1645 (Se 

e Note 1 

3) 











50 100 150 200 250 300 

I j— On-State Current— mA 

FIGURE 13 


,350 



NOTE 9: The commutating turn-off time of the 2N3001 series thyristor is significantly affected by the source impedance of the gate firing 
circuit as shown in Figure 13. Faster turn-off times are achieved when this impedance is low. However, some circuits require the use 
of a high source impedance, even though fast turn-off is desired. In these applications, a diode may be used to by-pass the 
gate-cathode junction, as shown in the circuit in Figure 15. This diode improves commutating turn-off time by eliminating the effect 
of the gate-cathode recovery time. 
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TYPES 2N3001, 2N3002, 2N3003, 2N3004 

P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


PARAMETER MEASUREMENT INFORMATION 


INPUT 


OUTPUT 


7 

Vi 


10 % 




90% 


VOLTAGE WAVEFORMS 


lT „.nT7x, r-y. 

RM * 1 



WAVEFORMS 




TEST CIRCUIT 


TEST CIRCUIT 


FIGURE 14-TURN-ON TIME 


FIGURE 15-COMMUTATING TURN-OFF TIME 


NOTES: A. Vj n is measured with gate and cathode terminals 
connected as shown and anode terminal open. 

B. The input waveform of Figure 14 has the following 
characteristics: t r < 40 ns, t w > device turn-on time 
at the operating point. 

C. Waveforms are monitored on an oscilloscope with the 
following characteristics: t r < 14 ns, Rj n > 10 M12, 
C jn <12pF. 

D. Rq includes the total resistance of tne generator and 
the external resistor. 


NOTES: E. Pulse generators for V-j and V 2 are synchronized to 
provide an anode current waveform with the 
following characteristics: t w = 50 to 300 jus, duty 
cycle =1%. The pulse widths of V-j and V 2 are 
> 1 0 jus. 

F. Resistor R-j is adjusted for Ip^ = 1 A. 


NOTE 9: The commutating turn-off time of the 2N3001 series thyristor is significantly affected by the source impedance of the gate firing 
circuit as shown in Figure 13. Faster turn-off times are achieved when this impedance is low. However, some circuits require the use 
of a high source impedance, even though fast turn-off is desired. In these applications, a diode may be used to by-pass the 
gate-cathode junction, as shown in the circuit in Figure 15. This diode improves commutating turn-off time by eliminating the effect 
of the gate-cathode recovery time. 
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TYPES 2N3005, 2N3006, 2N3007, 2N3008 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


350 mA • 30 to 200 VOLTS • 200 (jlA GATE SENSITIVITY 
ALL PLANAR, OXIDE-PASSIVATED JUNCTIONS-NO SOLDER OR FLUXES 

• High Operating Temperature • Low Forward Voltage Drop 

• High Surge Current Capability • Gate Turn-Off Capability 

• Fast Switching Speeds 


mechanical data 

The devices are in a hermetically sealed welded case with a glass-to-metal seal between case and leads. Approximate 
weight is 0.35 grams. 


*THE ANODE IS IN ELECTRICAL CONTACT WITH THE CASE 




ALL DIMENSIONS ARE 
IN INCHES UNLESS 
OTHERWISE SPECIFIED 


*ALL JEDEC TO-18 DIMENSIONS AND NOTES ARE APPLICABLE 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



2N3005 

2N3006 

2N3007 

2N3008 

c 

z 

H 

^Static Off-State Voltage, Vq (See Note 1) 

30 

60 

100 

200 

V 

^Repetitive Peak Off-State Voltage, Vqrm (See Note 1) 

30 

60 

100 

200 

V 

^Static Reverse Voltage, Vr (See Note 2) 

30 

60 

100 

200 

V 

^Repetitive Peak Reverse Voltage, Vrrm (See Note 2) 

30 

60 

100 

200 

V 

Continuous or RMS On-State Current at (or below) 55°C Free-Air Temperature (See Note 3) 

350 

mA 

* Average On-State Current (180° Conduction Angle) at (or below) 

55°C Free-Air Temperature (See Note 4) 

250 

mA 

*Surge On-State Current (See Note 5) 

6 

A 

Peak Negative Gate Voltage 

8 

V 

*Peak Positive Gate Current (Pulse Width < 8 ms) 

250 

mA 

* Average Gate Power Dissipation 

100 

mW 

^Operating Free-Air Temperature Range 

-65 to 200 

°C 

^Storage Temperature Range 

-65 to 175 

°C 

*Lead Temperature 1/16 Inch from Case for 10 Seconds 

300 

°C 



NOTES: 1. These values apply when the gate-cathode resistance RqK 

2. These values apply when the gate-cathode resistance Rq^ < °o. 

3. This value applies for continuous d-c or single-phase, 60-Hz, half-sine-wave operation with resistive load. Above 55°C, derate 
according to Figure 13. 

4. This value may be applied continuously under single-phase, 60-Hz, half-sine-wave operation with resistive load. Above 55°C, 
derate according to Figure 13. 

5. This value applies for one 60-Hz half sine wave when the device is operating at (or below) rated values of peak reverse voltage and 
on-state current. Surge may be repeated after the device has returned to original thermal equilibrium. 

*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 
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TYPES 2N3005, 2N3006, 2N3007, 2N3008 

P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


•electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

£ 

> 

X 

C 

z 

>D 

Static Off-State Current 

Vp = Rated Vp, Rqk = 1 kfi 

0.1 

mA 

V D = Rated V D , R GK = 1 kSl, 

T A = 1 50° C 

100 

•r 

Static Reverse Current 

Vr= Rated Vr, Rqk = “ 

0.1 

M A 

Vr = Rated Vr, Rqk = °°, 

T A = 1 50° C 

100 

'g 

Gate Current 

Vq = -5 V, 

i A = o 


— 5 k 

MA 

■gt 

Gate Trigger Current 

V A A = 5V, 

Rj_ = 12 si, 

tyg) > 10 ms 


90 

200 

mA 



V AA = 5V, 

R L = 12f2, 

t p (g)>10MS, T A = -65 U C 

0.9 


V GT 

Gate Trigger Voltage 

V AA - 5 V, 

R|_ = 12 si, 

tp(g) > 10ps 


0.6 

0.8 

V 



V AA = 5 V, 

Rl = 12 SI, 

tp( g )>10M s , Ta = 150 U C 

0.2 


'h 

Holding Current 

Rqk = 1 k ^» 

R|_ = 2 k SI 



1.8 

5 

mA 

r GK = 1 kn » 

R l = 2 k SI, 

T A = -65° C 

8 

v T 

On-State Voltage 

ly = 350 mA, 

Rqk ^ 1 k$2. 

See Note 6 

1.2 

V 

>GQ 

Static Gate Turn-Off Current 

ly = 200 mA (See Note 7), 


40 

mA 

V GQ 

Static Gate Turn-Off Voltage 

Vaa < 100 V (Not to exceed rated Vq) 

-4 

V 

dv/dt 

Critical Rate of Rise of Off-State Voltage 

> 

ii 

Q 

> 

400 

V/m s 


NOTES: 6. The initial instantaneous value is measured using pulse techniques. On-state pulse width — 300 jits, PRR = 10 pps. 

7. Anode current should not exceed 200 mA for gate turn-off applications. 

•JEDEC registered data 


switching characteristics at 25° C free-air temperature 


PARAMETER 

TEST CONDITIONS 

2N3008 

UNIT 

TYPICAL 

t gt Gate-Controlled Turn-On Time 

Vaa = 200 V, R L = 2.2k SI. R g = 100 SI, Vj n = 3 V, 
See Figure 14 

0.55 

Ms 

tq Circuit-Commutated T urn-Off Time 

V A a = 50 V, R L =140ft, 

1 N645 between gate and cathode. See Figure 15 

2.2 


thermal characteristics 


PARAMETER 

TYPICAL 

UNIT 

R 0JC Junction-to-Case Thermal Resistance 

75 

°C/W 

r 0JA Junction-to-Free-Air Thermal Resistance 

275 


1271 

Texas Instruments 

INCORPORATED 


POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 





TYPES 2N3005, 2N3006, 2N3007, 2N3008 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


ANODE CHARACTERISTICS 


STATIC OFF-STATE CURRENT 
vs 



-75 -50 -25 0 25 50 75 100 125 150 

T/\— Free-Air Temperature— °C 

FIGURE 1 


STATIC REVERSE CURRENT 

vs 


FREE-AIR TEMPERATURE 



TYPICAL ON-STATE VOLTAGE 
vs 

ON-STATE CURRENT 



TYPICAL HOLDING CURRENT 
vs 



-75 -50 -25 0 25 50 75 100 125 150 

T a— F ree-Air T emperature— ° C 

FIGURE 4 


NOTE 8: These parameters were measured using pulse techniques. t w = 300 ps, PRR = 10 pps. 
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V G — Gate Voltage— V lGT~Gate Trigger Current-juA 


TYPES 2N3005, 2N3006, 2N3007, 2N3008 

P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 
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GATE CHARACTERISTICS 


GATE TRIGGER CURRENT 

VS 



-75 -50 -25 0 25 50 75 100 125 150 

T^— Free-Air Temperature— °C 


GATE TRIGGER VOLTAGE 
vs 


FREE-AIR TEMPERATURE 



FIGURE 5 


FIGURE 6 


TYPICAL GATE VOLTAGE 
vs 


POSITIVE GATE CURRENT 



+Iq— Positive Gate Current— mA 

FIGURE 7 


TYPICAL GATE TRIGGER VOLTAGE 
vs 



0.01 0.1 1 10 100 
tp(g)— Gate Pulse Width— jus 

FIGURE 8 


NOTES: 8. These parameters were measured using pulse techniques. t w = 300 jus, PRR = 10 pps. 

9. These parameters were measured using single-pulse techniques. t w = 300 jus, duty cycle = 0. 
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TYPES 2N3005, 2N3006, 2N3007, 2N3008 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


TYPICAL SWITCHING CHARACTERISTICS, Ta = 25°C 


2N3008 

GATE-CONTROLLED TURN-ON TIME 
vs 


GATE INPUT PULSE AMPLITUDE 



V-, n — Input Pulse Amplitude— V 

FIGURE 9 


2N3008 

GATE-CONTROLLED TURN-ON TIME 
vs 



0 50 100 150 200 

Va/\— A node Supply Voltage— V 

FIGURE 10 


2N3008 

GATE-CONTROLLED TURN-ON TIME 
vs 


ON-STATE CURRENT 



2N3008 

CIRCUIT COMMUTATED TURN-OFF TIME 
vs 


ON-STATE CURRENT 




NOTE 10: The commutating turn-off time of the 2N3005 series thyristor is significantly affected by the source impedance of the gate firing 
circuit as shown in Figure 12. Faster turn-off times are achieved when this impedance is low. However, some circuits require the use 
of a high source impedance, even though fast turn-off is desired. In these applications, a diode may be used to by-pass the 
gate-cathode junction, as shown in the circuit in Figure 15. This diode improves commutating turn-off time by eliminating the 
effect of the gate-cathode recovery time. 


1271 


Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 


7-15 





TYPES 2N3005, 2N3006, 2N3007, 2N3008 

P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


ON-STATE CURRENT DERATING CURVE 



-75 -50 -25 0 25 50 75 100 125 150 

Ta— Free-Air Temperature— °C 


FIGURE 13 


PARAMETER MEASUREMENT INFORMATION 



INPUT 


OUTPUT 




OUTPUT 


TEST CIRCUIT 

FIGURE 14-TURN-ON TIME 


NOTES: 


A. V- m is measured with gate and cathode terminals connected as shown and anode terminal open. 

B. The input waveform of Figure 14 has the following characteristics: t r < 40 ns, t w > device turn-on time at the operating point. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 14 ns, Rj n > 10 M£2, Cj n < 12 pF. 

D. Rq includes the total resistance of the generator and the external resistor. 
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TYPES 2N3005, 2N3006. 2N3007. 2N3008 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 




WAVEFORMS 



TEST CIRCUIT 

NOTES: E. Pulse generators for V-j and V 2 are synchronized to provide an anode current waveform with the following characteristics: 
t w = 50 to 300 jus, duty cycle =1%. The pulse widths of V-| and V 2 are > 10 jus. 

F. Resistor R-j is adjusted for Irm = 1 A. 

FIGURE 15-CIRCUIT COMMUTATED TURN-OFF TIME 


NOTE 10: The commutating turn-off time of the 2N3005 series thyristor is significantly affected by the source impedance of the gate firing 
circuit as shown in Figure 12. Faster turn-off times are achieved when this impedance is low. However, some circuits require the use 
of a high source impedance, even though fast turn-off is desired. In these applications, a diode may be used to by-pass the 
gate-cathode junction, as shown in the circuit in Figure 15. This diode improves commutating turn-off time by eliminating the 
effect of the gate-cathode recovery time. 
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TYPES 2N3005, 2N3006, 2N3007. 2N3008 

P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 
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TYPICAL GATE TURIM-OFF CHARACTERISTICS 


The 2N3005 series thyristors exhibit gate-turn-off 
gain, in addition to the standard controlled switch 
characteristics. Figure 16 shows the typical 
gate-turn-off gain as a function of on-state current. 
This characteristic offers increased flexibility in the 
design of pulse-width modulators, pulse-forming 
networks, static switches, choppers, bistable circuits, 
and inverters. 


TYPICAL GATE-TURN-OFF GAIN 
vs 


ON-STATE CURRENT 




TYPICAL GATE-TURN-OFF CIRCUIT 



*GT 


'GQ 



TYPICAL WAVEFORMS 


Improved turn-off time may be realized using the gate-turn-off method. A combination of gate-turn-off and standard 
commutating turn-off will further improve the turn-off time. For applications requiring a guaranteed j8 0 ff, contact your 
nearest Tl Sales Office for information on special types. 
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mechanical data 


TYPES 2N5060 THRU 2N5064, TIC60 THRU TIC64 
P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


SILECTt THYRISTORSt 
800 mA DC • 30 thru 200 VOLTS 


These thyristors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
Ml L-STD-202C method 106B. The thyristors are insensitive to light. 





2N5060 

TIC60 

2N5061 

TIC61 

2N5062 

TIC62 

2N5063 

TIC63 

2N5064 

TIC64 

UNIT 

* Repetitive Peak Off-State Voltage, Vqrm (See Note 1) 

-65° C to 125°C 

30 

60 

100 

150 

200 

V 

* Repetitive Peak Reverse Voltage, Vrrm 

-65° C to 125°C 

30 

60 

100 

150 

200 

V 

*Nonrepetitive Peak Reverse Voltage, VrsM (PulseWidth < 5 ms) 

-65° C to 125°C 

45 

80 

125 

180 

230 

V 

Continuous On-State Current (See Note 2) 

-65° C to 50° C 

800 

mA 

* Average On-State Current (180° Conduction Angle, See Note 3) 

-65° C to 67° C 

510 

mA 

*Surge On-State Current (See Note 4) 

25° C 

6 

A 

*Peak Positive Gate Current (Pulse Width < 300 jus, f < 120 pps) 

25° C 

1 

A 

*Peak Gate Reverse Voltage 

-65° C to 125°C 

5 

V 

* Average Gate Power Dissipation (See Note 5) 

25° C 

10 

mW 

*Peak Gate Power Dissipation (Pulse Width < 300 jus) 

25° C 

100 

mW 

^Operating Case Temperature Range 

-65 to 125 

°C 

^Storage Temperature Range 

-65 to 150 

°C 

*Lead Temperature 1/16 Inch from Case for 10 Seconds 

230 

°C 


NOTES: 1 . These values apply when the gate-cathode resistance Rq K = 1 k!T2. 

2. These values apply for continuous d-c operation with resistive load. Above 50°C derate according to Figure 1. 

3. This value may be applied continuously under single-phase 60-Hz half-sine-wave operation with resistive load. Above 67°C derate 
according to Figure 1 . 

4. This value applies for one 60-Hz half sine wave when the device is operating at (or below) rated values of peak reverse voltage and 
on-state current. Surge may be repeated after the device has returned to original thermal equilibrium. 

5. This value applies for a maximum averaging time of 16.6 ms. 

*JEDEC registered data. The asterisk identifies JEDEC registered data for the 2N5060 through 2N5064 only. This data sheet contains all 
applicable registered data in effect at the time of publication. 


* Trademark of Texas Instruments 
$ U.S. Patent No. 3,439,238 
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TYPES 2N5060 THRU 2N5064, TIC60 THRU TIC64 
P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


electrical characteristics at specified case temperature 






2N5060 THRU 

TIC60 THRU 



PARAMETER 

TEST CONDITIONS 


2N5064 

TIC64 

UNIT 





MIN MAX 

MIN MAX 


Idrm Repetitive Peak Off-State Current 

Vp = Rated Vqrm, RGK =1kn 

125°C 

50* 

50 

mA 

1 RRM 

Repetitive Peak Reverse Current 

V R = Rated Vrr M , Rqk = 1 

125°C 

50* 

50 

juA 

'GT 

Gate T rigger Current 

V AA =7V, R[_ = 100 12, 

-65° C 

350* 


HA 

r GK = 1 k ^L t p (g) > 1 ms 

25° C 

200 

200 



V AA = 7 V, R L = 10012, 

-65° C 

1.2* 



V GT 

Gate Trigger Voltage 

R GK = 1 k ^ tp(g) > 1 ms 

25° C 

0.8 

0.8 

V 

Vp = Rated VqrM/ R|_ = 10012, 

r GK = 1 kn * t p ( g ) > 1 ms 

125°C 

0.1* 

0.1 


»H 

Holding Current 

V AA = 7 V, R GK =1kl2, 

-65° C 

10* 



Initiating lj = 20 mA 

25° C 

5 

5 

mA 

V TM 

Peak On-State Voltage 

*TM = 1-2 A, See Note 6 

25° C 

1.7* 

1.7 

V 


*thermal characteristics 


PARAMETER 

MAX 

UNIT 

R 0JC Junction-to-Case Thermal Resistance 

75 

°c/w 


NOTE 6: This parameter must be measured using pulse techniques. t w == 300 ;us, duty cycle < 1%. Voltage-sensing contacts, separate from the 
current-carrying contacts, are located within 0.125 inch from the device body. 


♦JEDEC registered data 



THERMAL INFORMATION 


AVERAGE ANODE 



Tc— Case Temperature— °C 

FIGURE 1 
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TYPES 2N5060 THRU 2N5064, TIC60 THRU TIC64 
P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


switching characteristics at 25 C case temperature 


PARAMETER 

TEST CONDITIONS 

tgt Gate-Controlled Turn-On-Time 

Vaa = 30 V, R L = 39 fl, RQK(eff) = 20 kn, 
Vj n = 20 V, See Figure 2 

tq Circuit-Commutated Turn-Off Time 

V AA = 30 V, R L = 30 12, Ir M «7A, 

See Figure 3 




PARAMETER MEASUREMENT INFORMATION 


INPUT 


VOLTAGE WAVEFORMS 


» *RM 



WAVEFORMS 


See Notes A, B, and C 

' T i 


See Note D y 

i 

JT 

l ... 0 

t RGK(eff) 
INPUT 

1 

GENERATOR 

rh r 


Vaa = 30 V 

k 

■Tl i OUT- 


TEST CIRCUIT 

FIGURE 2-GATE-CONTROLLED TURN-ON TIME 


0.1 juF 
I to 5 mF 


t(S 


I Vj Monitor R i 
T . . * 4—0 (See /fseeNoteF 

i kn 

R GK(eff) 

See Note E 


v aa = 30 v ^ 



Generator Synchronization 


TEST CIRCUIT 

FIGURE 3-CIRCUIT-COMMUTATED TURN-OFF TIME 


NOTES: A. Vj n is measured with gate and cathode terminals open. 

B. The input waveform of Figure 2 has the following characteristics: t r < 40 ns, t w > 20 jus. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 14 ns, Rj n >10 M12, Cj n <12 pF. 

D. R GK(eff) includes the total resistance of the generator and the external resistor. 

E. Pulse generators for V-] and V2 ate synchronized to provide an anode current waveform with the following characteristics 
t w = 50 to 300 jus, duty t:ycle =1%. The pulse widths of Vi and V 2 are > 10 /is. 

F. Resistor Ri is adjusted for Irm «7 A. 
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TYPES 2N5060 THRU 2N5064, TIC60 THRU TIC64 
P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


TYPICAL CHARACTERISTICS 


GATE TRIGGER CURRENT 


vs 



-75 -50 -25 0 25 50 75 100 

Tc-Case Temperature-°C 


> 

f 

0 
> 

1 

I— 


GATE TRIGGER VOLTAGE 


vs 



-75 -50 -25 0 25 50 75 100 125 


Tc— Case Temperature— °C 


FIGURE 4 


FIGURE 5 



HOLDING CURRENT 



—75 -50 -25 0 25 50 75 100 125 


Tc— Case Temperature— °C 


FIGURE 6 


PEAK ON-STATE VOLTAGE 
vs 



0.1 0.2 0.4 0.7 1 2 4 

lTM- Peak On-State Current-A 


GATE-CONTROLLED TURN-ON TIME 
vs 

GATE CURRENT 



FIGURE 7 


FIGURE 8 


NOTE 6: This parameter must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. Voltage-sensing contacts, separate from the 
current-carrying contacts, are located within 0.125 inch from the device body. 
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TYPES 2N6332 THRU 2N6337 
PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


2 AMP DC • 30 to 400 VOLTS • 200 mA GATE SENSITIVITY 

• High Operating Temperatures 

• High Surge Current Capability 

• Fast Switching Speeds 

• Low Forward Voltage Drop 


mechanical data 


THE ANODE IS IN ELECTRICAL CONTACT WITH THE CASE 
THE GATE TERMINAL IS CONNECTED TO A P REGION 



ALL DIMENSIONS ARE 
IN INCHES 
UNLESS OTHERWISE 
SPECIFIED 



ALL JEDEC TO-39 DIMENSIONS AND NOTES ARE APPLICABLE 


“absolute maximum ratings over operating case temperature range (unless otherwise noted) 



2N6332 

2N6333 

2N6334 

2N6335 

2N6336 

2N6337 

UNIT 

Repetitive Peak Off-State Voltage, Vqrm (See Note 1) 

30 

50 

100 

200 

300 

400 

V 

Repetitive Peak Reverse Voltage, Vrrm 

30 

50 

100 

200 

300 

400 

V 

Nonrepetitive Peak Reverse Voltage (See Note 2) 

30 

50 

100 

200 

300 

400 

V 

Continuous On-State Current at (or below) 

80° C Case Temperature (See Note 3) 

2 

A 

Average On-State Current (180° Conduction Angle) 
at (or below) 80°C Case Temperature (See Note 4) 

1.25 

A 

Surge On-State Current (See Note 2) 

20 

A 

Peak Negative Gate Voltage 

5 

V 

Peak Positive Gate Current (Pulse Width < 300 ns) 

0.2 

A 

Peak Gate Power Dissipation (Pulse Width < 300 ms) 

1.3 

W 

Average Gate Power Dissipation (See Note 5) 

0.3 

W 

Operating Case Temperature Range 

-40 to 150 

°C 

Storage Temperature Range 

-40 to 175 

°C 

Lead Temperature 1/16 Inch from Case for 10 Seconds 

230 

°C 



NOTES: 


1. These values apply when the gate-cathode resistance Rqk = 1 kJ2. 

2. This value applies for one 60-Hz half sine wave when the device is operating at (or below) rated values of peak reverse voltage and 
on-state current. Surge may be repeated after the device has returned to original thermal equilibrium. 

3. These values apply for continuous d-c operation with resistive load. Above 80°C derate linearly 150°C case temperature at the 
rate of 28.6 mA/°C. 

4. This value may be applied continuously under single-phase 60-Hz half-sine-wave operation with resistive load. Above 80°C derate 
linearly to 150°C case temperature at the rate of 17.9 mA/°C. 

5. This value applies for a maximum averaging time of 16.6 ms. 


♦JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 


72 


Texas Instruments 

INCORPORATED 

POST OFFICE BOX 50X2 • DALLAS. TEXAS 75222 


TYPES 2N6332 THRU 2N6337 

BULLETIN NO. DL-S 7211633, JANUARY 1972 




TYPES 2N6332 THRU 2N6337 

PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


^electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

H1WH 

IDRM Repetitive Peak Off-State Current 

Vd = Rated Vdrm, RGK =1kn 

5 

juA 

Vq = Rated Vqrm, Rgk = 1 k£2, Tq = 150°C 

150 

IRRM Repetitive Peak Reverse Current 

V R = Rated V RRM , Iq = 0 

10 

juA 

V R = Rated V RR m, Ig = Tc=150°C 

250 

*GM Peak Gate Current 

VGM = -5 V, l A = 0 

-10 


1 Q-p Gate Trigger Current 

V AA = 6 V, Rl_=12£2, tp(g)>10jus, 

T C = -40° C 

500 


V AA = 6 V, R[_ = 12 £2, tp(g)>10MS 

5 200 

Vqt Gate Trigger Voltage 

V AA = 6 V, Rj_ = 12 £2, tp(g)>10jus, 

T C = -40° C 

1 

V 

V AA = 6 V, R L =12£2, t p (g) > 10/is 


V AA = Rated V DR m, R l = 1 k£2, t p ( g ) > 10 jus, 

T C = 150°C 

0.2 

| R Holding Current 

V AA = 6 V, RGK = 1I < £2, Initiating l-pjy| = 35 mA, 

T C = -40° C 

15 

fl 

V AA = 6 V, RGK = 1 k£2. Initiating lj|\/| = 25 mA 

3 5 

Vj|\/| Peak On-State Voltage 

*TM = 2.9 A, RGK ^ 1 k£2, See Note 6 

2.5 


Vj Static On-State Voltage 

Ij = 2 A, Rqk > 1 k£2. See Note 6 

1.75 

mm 

dv/dt Critical Rate of Rise of Off-State Voltage 

V D = Rated V DRM , V G K = " 1V 

400 

BH 


*switching characteristics at 25°C case temperature 


PARAMETER 

TEST CONDITIONS 


QM3 

tg t Gate-Controlled Turn-On Time 

V AA = Rated Vq R |\/|, Ij = 3.9 A, Rq = 100 £2, 

V in = 3V 

0.3 2 

MS 

tq Circuit-Commutated T urn-Off Time 

V AA = Rated Vq R |\/|, Ij = 3.9 A, 1N645 between 

gate and cathode 

15 



*thermal characteristics 


PARAMETER 1 

MAX 

UNIT 

RflJC Junction-to-Case Thermal Resistance 

20 

°c/w 


NOTE 6: This parameter must be measured using pulse techniques. t w = 2 ms, duty cycle < 2 %. Voltage-sensing contacts, separate from the 
current-carrying contacts, are located within 0.125 inch from the device body. 

*JEDEC registered data 
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TYPES TI145A0 THRU TI145A4 
P-N-P-N DIFFUSED SILICON REVERSE-BLOCKING TRIODE THYISTORS 


1 .6 AMPS DC • 50 to 400 VOLTS 

• High Surge Current Capability 

• Low Forward Voltage Drop 


mechanical data 



DO TOH 

m C < 
■o r 
r r m 

> m co 

£=H 

m — — 

w z t 

DO 2 01 

c 0> 

r ’ ° 
r Oh 

g ri 

— CO 30 

z ^ c 
2 _i H 

O m- 
co O* 


O) 


m 


o> O 
oo m 
o> 2 
co “ 
o> 2 
" m 

> -» 


absolute maximum ratings over operating case temperature range (unless otherwise noted) 



TI145A0 

TI145A1 

TI145A2 

TI145A3 

TI145A4 

UNIT 

Static Off-State Voltage, Vp (See Note 1) 

50 

100 

200 

300 

400 

V 

Repetitive Peak Off-State Voltage, Vqr|\/| (See Note 1) 

50 

100 

200 

300 

400 

V 

Static Reverse Voltage, Vr (See Note 1) 

50 

100 

200 

300 

400 

V 

Repetitive Peak Reverse Voltage, Vrrm (See Note 1) 

50 

100 

200 

300 

400 

V 

Continuous or RMS On-State Current at (or below) 60°C 

Case Temperature (See Note 2) 

1.6 

A 

Average On-State Current (180° Conduction Angle) at (or below) 60°C 

Case Temperature (See Note 3) 

1.2 

A 

Surge On-State Current (See Note 4) 

30 

A 

Peak Negative Gate Voltage 

5 

V 

Peak Positive Gate Current (Pulse Width < 300 jus) 

2 

A 

Average Gate Power Dissipation (See Note 5) 

300 

mW 

Operating Case Temperature Range 

-65 to 105 

°C 

Storage Temperature Range 

-65 to 150 

°C 

Lead Temperature 1/16 Inch from Case for 10 Seconds 

300 

°C 



NOTES: 


1. These values apply when the gate-cathode resistance Rqk ^ °°- 

2. This value applies for continuous d-c operation with resistive load. Above 60°C derate according to Figure 1. 

3. This value may be applied continuously under single-phase, 60-Hz, half -sine-wave operation with resistive load. Above 60°C derate 
according to Figure 1. 

4. These values apply for one 60-Hz half sine wave when the device is operating at (or below) rated values of peak reverse voltage 
and on-state current. Surge may be repeated after the device has returned to original thermal equilibrium. 

5. This value applies for a maximum averaging time of 16.6 ms. 
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TYPES TI145A0 THRU TI145A4 

P-N-P-N DIFFUSED SILICON REVERSE-BLOCKING TRIODE THYISTORS 
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electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN MAX 

UNIT 

Iq Static Off-State Current 

Vp ( = Rated Vp, l G = 0 

0.25 

mA 

V D = Rated V D , l G = 0, T C =105 U C 

1 

l R Static Reverse Current 

V R = Rated V R/ Iq = 0 

0.25 

mA 

V R = Rated V R , l G = 0, T C =105°C 

1 

1 Qj Gate T rigger Cu rrent 

V/\/\ = 6 V, RL=12£2, tp(g)>10jus 

25 

mA 

Vqj Gate Trigger Voltage 

Vaa = 6V, R L = 12n, tp(g)>10jus 

0.25 3.5 

V 

l R Holding Current 

r l = i kn, i G = o 

25 

mA 

Vj On-State Voltage 

l T = 1 A, RGK^ 1 kn 

2 

V 


THERMAL INFORMATION 



-75 -50 -25 0 25 50 75 100 125 

Tq— C ase Temperature— °C 

FIGURE 1 
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TYPES TIC35, TIC36 

P-H-P-H PLANAR EPITAXIAL SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


RADIATION-TOLERANT THYRISTORS 
400 mA DC • 15 and 30 VOLTS 


• Max Igt of 5 mA after 1 x 10^ 4 Fast Neutrons/cm 2 

• Max Vtm of 1.6 V at IjM of 1 A after 1 x 10 14 Fast Neutrons/cm 2 


description 

The TIC35, TIC36 thyristors offer a significant advance in radiation -tolerant-device technology. Unique 
construction techniques produce thyristors which maintain useful characteristics after fast-neutron radiation 
fluences through 10^5 n/cm2. 


mechanical data 




THE ANODE IS IN ELECTRICAL 
CONTACT WITH THE CASE 


THE GATE TERMINAL IS 
CONNECTED TO A P REGION 


ALL JEDEC TO-18 DIMENSIONS 
AND NOTES ARE APPLICABLE 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



TIC35 

TIC36 

UNIT 

Continuous Off-State Voltage, Vp (See Note 1) 

15 

30 

V 

Repetitive Peak Off-State Voltage, Vqrm (See Note 1) 

15 

30 *0 

V 

Continuous Reverse Voltage, Vr 

5 

V 

Repetitive Peak Reverse Voltage, Vrrm 

5 

V 

Nonrepetitive Peak Reverse Voltage, Vrsm (See Note 2) 

5 

V 

Continuous On-State Current at (or below) 55°C 

Case Temperature (See Note 3) 

400 

mA 

Continuous On-State Current at (or below) 25°C 

Free-Air Temperature (See Note 4) 

225 

mA 

Average On-State Current (180° Conduction Angle) 
at (or below) 55°C Case Temperature (See Note 5) 

320 

mA 

Surge On-State Current (See Note 6) 

3 

A 

Peak Negative Gate Voltage 

-4 

V 

Peak Positive Gate Current (Pulse Width *^300 jus) 

250 

mA 

Peak Gate Power Dissipation (Pulse Width ^300 jus) 

500 

mW 

Average Gate Power Dissipation 

10 

mW 

Operating Free-Air or Case Temperature Range 

-55 to 125 

°C 

Storage Temperature Range 

-65 to 200 

°C 

Lead Temperature 1/16 Inch from Case for 10 Seconds 

260 

°c 



NOTES: 1. These values apply when the gate-cathode resistance Rqk = 1 kH. 

2. This value applies for a 5-ms rectangular pulse when the device is operating at (or below) rated values of peak reverse 
voltage and on-state current. Surge may be repeated after the device has returned to original thermal equilibrium. 

3. These values apply for continuous d-c operation with resistive load. Above 55°C derate according to Figure 2. 

4. These values apply for continuous d-c operation with resistive load. Above 25°C derate according to Figure 3. 

5. This value may be applied continuously under single-phase, 60-Hz, half-sine- wave operation with resistive load. Above 55°C 
derate according to Figure 2. 

6. This value applies for one 60-Hz half sine wave when the device is operating at (or below) rated values of peak reverse 
voltage and on-state current Surge may be repeated after the device has returned to original thermal equilibrium. 
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TYPES TIC35, TIC36 

P-N-P-N PLANAR EPITAXIAL SILICON REVERSE-BLOCKING TRIODE THYRISTORS 
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electrical characteristics at 25° C free-air temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

•d 

Static Off-State Current 

Vq = Rated Vq, 

R GK = 1 kft, TA = 125 ° c 

20 

mA 

|r 

Static Reverse Current 

Vr = 5 V, 

R GK = 1 kft, T a = 125°C 

100 

juA 

'gr 

Gate Reverse Current 

v K g = 4V . 

i A = o 

5 

MA 

>GT 

Gate Trigger Current 

V AA = 6V, 
R G(source) ^ 10 kft. 

R L = 1 00 ft , V GG = 6 V, 
t p (g) >20 jus, T a = — 55°C 

100 

ju A 

V AA = 6 V, Ri_=100ft, V GG = 6V, 

R G(source) ^ 10kn ' ^(g)^ 20 ^ 

20 



V AA =6V, 
ip(g) ^ 20 ms, 

R l = 100 ft, R G k = 1 kft, 

T A = — 55°C 

0.9 


V GT 

Gate T rigger Voltage 

V AA = Rated VQ, 
l p(g) ^ 2 °ms, 

R L = 100 ft, R G k = 1 kft, 

T a = 125°C 

0.2 

V 



V AA = 6V, 

tp(g) ^ 20 US 

R l = 100 ft, R GK =1kft, 

0.75 


'H 

Holding Current 

V AA = 6 V, 

Rqk = 1 kft. Initiating lj = 10 mA, 
T A = — 55°C 

4 

mA 

V AA = 6 V, 

Rqk = 1 kft. Initiating lj = 10 mA 

2 


V TM 

Peak On-State Voltage 

ITM = 1 A, 

See Note 7 

1.6 

V 

dv/dt 

Critical Rate of Rise 
of Off-State Voltage 

Vq = Rated Vq, 

Rqk = 1 kft 

12 

V/m s 


post- irradiation electrical characteristics at 25° C free-air temperature 


PARAMETER 

TEST CONDITIONS 

RADIATION 

FLUENCE+ 

MIN TYP MAX 

UNIT 

l G T Gate Trigger Current 

V AA = 6 V, Rj_ = 100 ft 

1 x lO^ 4 n/cm 2 

5 

mA 

V TM Peak On-State Voltage 

*TM = 1 A, See Note 7 

1 x 10l 4 n/cm 2 

1.6 

V 


t Radiation is fast neutrons (n) at E > 10 keV (reactor spectrum). 


thermal characteristics 


PARAMETER 

MIN TYP MAX 

UNIT 

6 j_c Junction-to-Case Thermal Resistance 

124 

°c/w 

0j_ A Junction-to-Free-Air Thermal Resistance 

345 


NOTE: 7. These parameters must be measured using pulse techniques. t w = 300 ns, duty cycle ^2%. Voltage-sensing contacts, 
separate from the current-carrying contacts, are used. 
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TYPES TIC35, TIC36 

P-N-P-N PLANAR EPITAXIAL SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


THERMAL INFORMATION 


The minimum heat-sink requirements may be calculated for 
any anode-current, heat-sink combination by the following 
procedure: 

1. Determine worst-case power dissipation from 
Figure 4. 

2. Calculate maximum allowable case-to-free-air 
thermal resistance by use of the equation: 


Tj-TA 

dC ' A= PA(av) 


-0J-C 


where: 

Tj = Junction temperature 
Ta= Free-air temperature 


PA(av) = Average anode power dissipation 
(see Figure 4 for worst-case values) 

0j_C = Junction-to-case thermal resistance 
= 124°C/W maximum. 


3. Determine area of heat sink from F igure 1 . 


EXAMPLE 

Determine: Minimum size of 1/16"-thick copper heat sink 
for safe operation of thyristor at an average 
current of 0.3 A with a conduction angle of 
180°. 

Given: Maximum Tj = 125°C 

Ta = 35°C 
0J-C = 124°C/W 

Solution: From Figure 4, PA(av) = 0.525 W for 0.3 A 
with 180° conduction angle. Using the equation 
of step 2 above: 

19R°P — QR°P 

0C-A = 124°C/W = 47°C/W 

0.525 W 


HEAT -SINK AREA 
vs 

CASE-TO-FREE-AIR THERMAL RESISTANCE 
1/16''-THICK COPPER HEAT SINK 



FIGURE 1 


Figure 1 shows that for 0Q-A °f 47°C/W, the area is 3.4 in 2 . 
The minimum dimensions of the sides should be: 



NOTES: 8. The thyristor is mounted in the center of a square heat sink vertically positioned in still free air with both sides exposed. 
The heat-sink area is twice the area of one side. 

9. 0_ A includes the case-to-heat sink thermal resistance, 0^ in addition to the heat-sink-to-free-air thermal resistance, 
C-A L*nb 

and ' S defln6d bY the eC|Uation ' fl C-A ~ 9 C-HS + 9 H.S-A . 
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TYPES TIC35, TIC36 

P-N-P-N PLANAR EPITAXIAL SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


THERMAL INFORMATION 


CASE TEMPERATURE 

AVERAGE ON-STATE CURRENT DERATING CURVE 


FREE-AIR TEMPERATURE 
AVERAGE ON-STATE CURRENT DERATING CURVE 



0 25 50 75 100 125 

T^— Case Temperature— °C 

FIGURE 2 



0 25 50 75 100 125 

T^— Free-Air Temperature— °C 
FIGURE 3 



MAXIMUM AVERAGE ANODE POWER DISSIPATED 
vs 



0 0.1 0.2 0.3 0.4 0.5 

l T(av)~ Average 0n * State Current-A 
FIGURE 4 
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TYPES TIC35, TIC36 

P-N-P-N PLANAR EPITAXIAL SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


TYPICAL CHARACTERISTICS 


PEAK ON-STATE VOLTAGE 


vs 



0.01 0.04 0.1 0.2 0.4 0.7 1 2 4 

I TM -Peak On-State Current-A 
FIGURE 5 


PEAK ON-STATE VOLTAGE 
vs 



0.01 0.04 0.1 0.2 0.4 0.7 1 2 4 

Peak OnState Current— A 
FIGURE 6 


PEAK ON-STATE VOLTAGE 
vs 



0.01 0.04 0.1 0.2 0.4 0.7 1 2 4 

I TM -Peak On-State Current-A 


PEAK ON-STATE VOLTAGE 


vs 



NOTE: 7. 


FIGURE 7 FIGURE 8 

TheSe parameters must be measured using pulse techniques. t w = 300 (is, duty cycle ^ 2%. Voltage-sensing 
contacts, separate from the current-carrying contacts, are used. 
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TYPES TIC35, TIC36 

P-N-P-N PLANAR EPITAXIAL SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


TYPICAL CHARACTERISTICS 

STATIC OFF-STATE CURRENT 
vs 

NEUTRON FLUENCE 


III 


iiiiii 

■mu 


Si!!! 


ISSn 


msg 


Bii 


Si 


GATE FORWARD VOLTAGE 
vs 

GATE FORWARD CURRENT 


umiimiiiiiiii 


E ^ 10 keV (Reactor Spectrum) 
See Note 7 I | ||||||| I I if 


III 


■nia 


io>= 1.36 X 10 n/cm 


!!!*• I 




!! I 


10'° io ,tf 10'° 

0— Neutron Fluence— n/cnT* 

FIGURE 9 

10 ,D 

0.01 

0.1 0.4 1 4 10 40 100 

l G p— Gate Forward Current— m A 

FIGURE 10 

GATE FORWARD VOLTAGE 

vs 

GATE FORWARD CURRENT 



GATE FORWARD VOLTAGE 

vs 

GATE FORWARD CURRENT 
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U.U1 U.l U.4 l 4 10 40 100 0.01 0.1 0.4 1 4 10 40 100 

l G p-Gate Forward Current-mA Iq^— G ate Forward Current-mA 

FIGURE 11 FIGURE 12 

NOTE: 7. These parameters must be measured using pulse techniques. t w ~ 300 |Us, duty cycle <2%. Voltage-sensing contacts separate 
from the current-carrying contacts, are used. 
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TYPES TIC35, TIC36 

P-N-P-N PLANAR EPITAXIAL SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


TYPICAL CHARACTERISTICS 


GATE TRIGGER CURRENT 


vs 



10 -7 1 i m um m i ni m i n ii ii, mu w arn 

10 11 10 12 10 13 10 14 10 15 10 16 


2 

<J>— Neutron Fluence— n/cm 
FIGURE 13 


GATE TRIGGER VOLTAGE 
vs 



4>-Neutron Fluence— n/cm' 


FIGURE 14 


HOLDING CURRENT 
vs 

NEUTRON FLUENCE 



CRITICAL RATE OF RISE OF OFF-STATE VOLTAGE 
vs 



10 1 — 
10 12 


2 

<£-Neutron Fluence— n/cm 

FIGURE 16 
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TYPES TIC35, TIC36 

P-N-P-N PLANAR EPITAXIAL SILICON REVERSE-BLOCKING TRIODE THYRISTORS 



TYPICAL CHARACTERISTICS 


GATE-CONTROLLED TURN-ON TIME 
vs 

NEUTRON FLUENCE 



2 

O— Neutron Fluence— n/cm 
FIGURE 17 


ANODE-TO-GATE CAPACITANCE 
vs 

NEUTRON FLUENCE 



2 

0*~Neutron Fluence— n/cm 


FIGURE 18 
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SERIES TIC39 

P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


2 A DC SCR 
30 V to 400 V 
20 A Surge-Current 
Max Iqt of 200 pi A 


mechanical data 


THE ANODE IS IN ELECTRICAL CONTACT WITH THE CASE 
THE GATE TERMINAL IS CONNECTED TO A P REGION 


0.260 

0.240 



0.100 MIN - 
DETAILS OF OUTLINE IN~ 
THIS ZONE OPTIONAL 


L SEATING 
PLANE 


ALL DIMENSIONS ARE 
IN INCHES 
UNLESS OTHERWISE 
SPECIFIED 


ALL JEDEC T 0-39 DIMENSIONS AND NOTES ARE APPLICABLE 




absolute maximum ratings over operating case temperature range (unless otherwise noted) 



TIC39Y 

TIC39F 

TIC39A 

TIC39B 

TIC39C 

TIC39D 

UNIT 

Repetitive Peak Off-State Voltage, Vqrm (See Note 1) 

30 

50 

100 

200 

300 

400 

V 

Repetitive Peak Reverse Voltage, Vrrm 

30 

50 

100 

200 

300 

400 

V 

Continuous On-State Current at (or below) 

80° C Case Temperature (See Note 2) 

2 

A 

Average On-State Current (180° Conduction Angle) 
at (or below) 80° C Case Temperature (See Note 3) 

1.25 

A 

Surge On-State Current (See Note 4) 

20 

A 

Peak Positive Gate Current (Pulse Width < 300 jus) 

0.2 

A 

Peak Gate Power Dissipation (Pulse Width < 300 jus) 

1.3 

W 

Average Gate Power Dissipation (See Note 5) 

0.3 

W 

Operating Case Temperature Range 

-40 to 150 

°C 

Storage Temperature Range 

-40 to 175 

°C 

Lead Temperature 1/16 Inch from Case for 10 Seconds 

230 

°C 


NOTES: 


1. These values apply when the gate-cathode resistance Rqk = 1 k£2. 

2. These values apply for continuous d-c operation with resistive load. Above 80°C derate linearly to 150°C case temperature at the 
rate of 28.6 mA/° C. 

3. This value may be applied continuously under single-phase 60-Hz half-sine-wave operation with resistive load. Above 80°C derate 
linearly to 150°C case temperature at the rate of 17.9 mA/°C. 

4. This value applies for one 60-Hz half sine wave when the device is operating at (or below) rated values of peak reverse voltage and 
on-state current. Surge may be repeated after the device has returned to original thermal equilibrium. 

5. This value applies for a maximum averaging time of 1 6.6 ms. 
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SERIES TIC39 

P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Iqrm Repetitive Peak Off-State Current 

Vq = Rated Vdrm» RgK = 1 Tc=150°C 

400 

mA 

IrrM Repetitive Peak Reverse Current 

Vr= Rated Vrrm, «G = 0, T C = 150°C 

1 

mA 

Iqt Gate Trigger Current 

V A a = 6 V, R|_ =100 17, tp(g)>20;us 

60 200 

MA 

Vqj Gate Trigger Voltage 

V A A = 6 V, R|_=100ft, t p( g) >20 ms 

0.4 0.6 1 

V 

Ir Holding Current 

Vaa = 6 V, Rqk = ^ Initiating Itm = 50 mA, 

T C = -40° C 

10 

mA 

Vaa = 6 v » R G k = *• Initiating IfM = 10 mA 

5 

V TM Peak On-State Voltage 

lTM = 3.9 A, RGK ^ 1 k 17, See Note 6 

2.5 

V 

Vj Static On-State Voltage 

1 j = 2 A, Rqk > 1 k ^, See Note 6 

1.75 

V 

dv/dt Critical Rate of Rise of Off -State Voltage 

Vq = Rated Vdrivi, Rqk = 1 kfi, Tq= 150 o C 

5 

V/ms 


NOTE 6: These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. Voltage-sensing contacts, separate from 
the current-carrying contacts, are located within 0.125 inch from the device body. 


thermal characteristics 


PARAMETER 

MAX 

UNIT 

RfljC Junction-to-Case Thermal Resistance 

20 

°c/w 
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TYPES TIC44, TIC45, TIC46, TIC47 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


I SILECTt THYRISTORSt 

I 600 mA DC* 30 thru 200 VOLTS 

I Rugged, One-Piece Construction with Standard TO-18 100-mil Pin-Circle Configuration 

mechanical data 

These thyristors are encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process developed by Texas Instruments. The case will withstand soldering temperatures without 
deformation. These devices exhibit stable characteristics under high-humidity conditions and are capable of meeting 
MIL-STD-202C method 106B. The thyristors are insensitive to light. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 




Hfgg 



ITIJIkj 

Static Off-State Voltage, Vq (See Note 1) 


■s 



■ 

Repetitive Peak Off-State Voltage, Vqr|\/| (See Note 1) 






Static Reverse Voltage, Vr (See Note 1 ) 

W1M 

1 

BW»1 

Kiwi 

ms 

Repetitive Peak Reverse Voltage, Vrrm (See Note 1) 


60 



wm 

Continuous or RMS On-State Current at (or below) 55°C 

Case Temperature (See Note 2) 

600 

mA 

Continuous or RMS On-State Current at (or below) 25°C 

Free-Air Temperature (See Note 3) 

300 

mA 

Average On-State Current (180° Conduction Angle) at (or below) 55° C 

Case Temperature (See Note 4) 

430 

mA 

Surge On-State Current (See Note 5) 

6 

A 

Peak Negative Gate Voltage 

8 

V 

Peak Positive Gate Current (Pulse Width < 300 /us) 

1 

A 

Peak Gate Power Dissipation (Pulse Width < 300 jus) 

4 

W 

Operating Free-Air Temperature Range 

-55 to 125 

°C 

Storage Temperature Range 

-55 to 150 

°C 

Lead Temperature 1/16 Inch from Case for 10 Seconds 

260 

°C 



NOTES: 1. These values apply when the gate-cathode resistance Rqk ^ 1 k£2. 

2. These values apply for continuous d-c operation with resistive load. Above 55 C derate according to Figure 5. 

3. These values apply for continuous d-c operation with resistive load. Above 25°C derate according to Figure 6. 

4. This value may be applied continuously under single-phase, 60-Hz, half-sine-wave operation with resistive load, 
according to Figure 5. 

5. This value applies for one 60-Hz half sine wave when the device is operating at (or below) rated values of peak 
on-state current. Surge may be repeated after the device has returned to original thermal equilibrium. 

^Trademark of Texas Instruments 
$U. S. Patent No. 3,439,238 


Above 55 C derate 
reverse voltage and 
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TYPES TIC44, TIC45, TIC46, TIC47 

P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


electrical characteristics at 25° C free-air temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

z 

> 

X 

C 

z 

>D 

Static Off-State Current 

Vq = Rated Vp, RgK = 1 k$2. 

T a = 125°C 

50 

ma 

|r 

Static Reverse Current 

Vp = Rated Vp, Rqk = 1 k!7. 

T a = 125°C 

50 

mA 

»GT 

Gate Trigger Current (See Note 6) 

V A A = 6V, 

R [_ = 100 17, 

tp(g) ^ 20 ms 

200 

mA 

V GT 

Gate Trigger Voltage (See Note 6) 

V AA - 6 V, 

R L = 100 17, 

fp(g) ^ 20 MS 

0.8 

V 

V AA = 6 V, 

R|_ = ioo a, 

tp(g) 20 ms, Ta = 125°C 

0.2 

»H 

Holding Current 

R(_ = 100 £2, 

Rqk = 1 


5 

mA 

v T 

On-State Voltage 

ly = 300 rmA, 

Rqk ^ 1 k!7. 

See Note 7 

1.4 

V 


NOTES: 6. When measuring these parameters, a 1-k£2 resistor should be used between gate and cathode to prevent triggering by random 
noise. 

7. This parameter is measured using pulse techniques. t w = 1 ms, duty cycle <1%. 


switching characteristics at 25° C free-air temperature 


PARAMETER 

TEST CONDITIONS 

TYP 

UNIT 

tg t Gate-Controlled Turn-On Time 

V A a = 30V, R L =50 17, R G = 20kl7, V in = 2QV, 

See Figure 1 

3.5 

MS 

tq Circuit-Commutated Turn-Off Time 

V A a = 30V, R[_ = 50 17, Ir M = 1A, 

See Figure 2 

6.8 

MS 


thermal characteristics 


PARAMETER 


MAX 

UNIT 

RflJC Junction-to-Case Thermal Resistance 


75 

°c/w 

RfljA Junction-to-Free-Air Thermal Resistance 


275 
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TYPES TIC44, TIC45. TIC46, TIC47 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


PARAMETER MEASUREMENT INFORMATION 


v 2 o n n_ 

v i o n 



VOLTAGE WAVEFORMS 


S' S" 



WAVEFORMS 




TEST CIRCUIT 


TEST CIRCUIT 


FIGURE 1-TURN-ON TIME 


FIGURE 2-COMMUTATING TURN-OFF TIME 


NOTES: A. Vj n is measured with gate and cathode terminals 
connected as shown and anode terminal open. 

B. The input waveform of Figure 1 has the following 
characteristics: t r < 40 ns, t w > 20 jus. 

C. Waveforms are monitored on an oscilloscope with the 
following characteristics: t r < 14 ns, Rj n 3*10Mf2, 
C in < 12 pF. 

D. Rq includes the total resistance of the generator and 
the external resistor. 


NOTES: E. Pulse generators for V-| and V 2 are synchronized to 
provide an anode current waveform with the 
following characteristics: t w = 50 to 300 ms, duty 
cycle = 1%. The pulse widths of V -j and V 2 are 
> 1 0 Ms. 

F. Resistor R 1 is adjusted for Ipiyj = 1 A. 
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TYPES TIC44. TIC45, TIC46, TIC47 

P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


THERMAL INFORMATION 



The minimum heat-sink requirements may be calcu- 
lated for any on-state current, heat-sink combination 


by the following procedure: 

1. Determine worst-case 
Figure 3. 

2. Calculate maximum 
thermal resistance by i 


power dissipation from 

allowable case-to-free-air 
ise of the equation. 


R0CA = 


TJ-Ta 

PA(av) 


-R0JC 


where: Tj = Junction temperature 

T/\= Free-air temperature 

p A(av) = Average anode power dissi- 
pation (see Figure 3 for 
worst-case values) 

RfljC = Junction-to-case thermal resis- 
tance = 75°C/W maximum. 

3. Determine area of heat sink from Figure 4. 


MAXIMUM AVERAGE ANODE POWER DISSIPATED 
vs 



0 100 200 300 400 500 600 700 

I T(av) — Average On-State Current— mA 


FIGURE 3 


EXAMPLE 

Determine: Minimum size of 1/16"-thick alumi- 
num heat sink for safe operation of 
thyristor at an average current of 0.4 A 
with a conduction angle of 1 80° 

Given: Maximum Tj = 125°C 

T A = 35° C 
R0JC = 75°C 

Solution: From Figure 3, PA(av) = 0-84 W for 

0.4 A with 180° conduction angle. 
Using the equation of step 2 above: 


R0CA = 


125 C — 35°C 
0.84 W 


— 75°C/W = 32°C/W 


Figure 4 shows that for R#CA 32°C/W, the area 
is 18sq. in. The minimum dimensions of the sides 
should be: 


TYPICAL HEAT-SINK AREA 
vs 

CASE-TO-FREE-AIR THERMAL RESISTANCE 



10 20 40 70 100 

R 0CA— 1 Case-To-Free-Air Thermal Resistance— 1 °C/W 

FIGURE 4 


NOTES: 8. The thyristor is mounted in the center of a square heat sink vertically positioned in still free air with both sides exposed. The 
heat-sink area is twice the area of one side. 

9. RflcA includes the case-to-heat sink thermal resistance, RflcHS' in addition to the heat-sink-to-free-air thermal resistance, RflHSA 
and is defined by the equation, R#CA = ^0CHS + ^0HSA- 
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TYPES TIC44, TIC45, TIC46. TIC47 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


THERMAL INFORMATION 


AVERAGE ON-STATE CURRENT DERATING CURVE 



Tq— C ase Temperature— °C 


FIGURE 5 


AVERAGE ON-STATE CURRENT DERATING CURVE 



T/\— Free-Air Temperature— °C 

FIGURE 6 


TYPICAL CHARACTERISTICS 


STATIC OFF-STATE CURRENT 



-75 -50 -25 0 25 50 75 100 125 

T/\— Free-Air Temperature— °C 

FIGURE 7 


STATIC REVERSE CURRENT 
vs 



T/y- Free-Air Temperature—' °C 


FIGURE 8 
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TYPES TIC44, TIC45, TIC46, TIC47 

P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


TYPICAL CHARACTERISTICS 


GATE TRIGGER CURRENT 
vs 



-75 -50 -25 0 25 50 75 100 125 

T Free-Air Temperature— °C 


GATE TRIGGER VOLTAGE 

vs 



T/\— Free-Air Temperature— °C 


FIGURE 9 


FIGURE 10 


NOTE 6: When measuring these parameters, a 1-kft resistor should be used between gate and cathode to prevent triggering by random noise. 



HOLDING CURRENT 
vs 



Ta— F ree-Air Temperature— °C 


GATE-CONTROLLED TURN-ON TIME 
vs 



Iq— G ate Current— mA 


FIGURE 11 


FIGURE 12 
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TYPES TIC67, TIC68 
P-N-P-N PLANAR EPITAXIAL SILICON 
REVERSE-BLOCKING TRIODE THYRISTORS 


RADIATION-TOLERANT THYRISTORS 
20 A DC • 60 and 80 VOLTS 
Max Iqt of 40 mA after 1 X 10 14 Fast Neutrons/cm2 
Max VjM of 1.5 V at IjM °f 20 A after 1 X 1014 Fast Neutrons/cm2 


description 


The TIC67 and TIC68 thyristors offer a significant advance in radiation-tolerant-device technology. Unique construction 
techniques produce thyristors which maintain useful characteristics after fast-neutron radiation fluences through 
1014 n/cm2. 

mechanical data 



00 H 
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r- ■o 
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absolute maximum ratings over operating case temperature range (unless otherwise noted) 




TIC67 

TIC68 

UNIT 

Continuous Off-State Voltage, Vp 

60 

80 

V 

Repetitive Peak Off-State Voltage, Vqrivj (See Note 1) 

60 

80 

V 

Continuous Reverse Voltage, Vr 

60 

80 

V 

Repetitive Reak Reverse Voltage, Vrrm 

60 

80 

V 

Nonrepetitive Peak Reverse Voltage, Vrsm (See Note 2) 

60 

80 

V 

Continuous On-State Current at (or below) 55°C 

Case Temperature (See Note 3) 

20 

A 

Continuous On-State Current at (or below) 25°C 

Free- Air Temperature (See Note 3) 

1.25 

A 

Average On-State Current (180° Conduction Angle) 
at (or below) 55° C Case Temperature (See Note 4) 

12.5 

A 

Surge On-State Current (See Note 5) 

75 

A 

Peak Positive Gate Current (Pulse Width < 300 jus) 

3 

A 

Peak Gate Power Dissipation (Pulse Width < 300 jus) 

5 

W 

Average Gate Power Dissipation 

1 

W 

Operating Case Temperature Range 

-55 to 125 

°C 

Storage Temperature Range 

-65 to 200 

°C 

Terminal Temperature 1/16 Inch from Case for 10 Seconds 

260 

°C 


NOTES: 


1. These values apply when the gate-cathode resistance Rqk = 1 kfi. 

2. These values apply for a 5-ms rectangular pulse when the device is operating at (or below) rated values of peak reverse voltage and 
on-state current. Surge may be repeated after the device has returned to original thermal equilibrium. 

3. This value applies for continuous d-c operation with resistive load. Derate linearly to 125°C case temperature at the rate of 0.286 
A/°C or 125°C free-air temperature at the rate of 12.5 mA/ C. 

4. This value may be applied continuously under single-phase, 60-Hz, half-sine-wave operation with resistive load. Above 55 C derate 
linearly to 125°C case temperature at the rate of 0.179 A/°C. 

5. This value applies for one 60-Hz half sine wave when the device is operating at (or below) rated values of peak reverse voltage and 
on-state current. Surge may be repeated after the device has returned to original thermal equilibrium. 
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TYPES TIC67, TIC68 

P-N-P-N PLANAR EPITAXIAL SILICON 

REVERSE-BLOCKING TRIODE THYRISTORS 



7-44 


electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Idrm Repetitive Peak Off-State Current 

Vp = Rated Vdrm^ RqK = 1 Tc=125°C 

100 

mA 

IrrM Repetitive Peak Reverse Current 

Vr = Rated Vrr (\/|, RQ|<=1kfi, Tq=125°C 

500 

mA 

Iqj Gate Trigger Current 

Vaa = 6 V, R[_ =100 17, t p (q) > 20 jus 

20 

mA 

Vqj Gate Trigger Voltage 

Vaa = Rated Vqrm, R|_ = 100 tp(g) ^ 20 jus 

1 

V 

Ir Holding Current 

Vaa = 6 V, R<3K =1kn ' Initiating Ijm = 100 mA 

20 

mA 

Vj Static On-State Voltage 

ly = 20 A, r gk > 1 kfil » See Note 6 

1.5 

V 

Vtm Peak On-State Voltage 

ItM = 29 A, RGK ^ 1 kfl, See Note 6 

3 

V 

dv/dt Critical Rate of Rise of Off-State Voltage 

Vq = Rated Vqrm, Ig = 0 

100 

V/jus 


post-irradiation electrical characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

RADIATION FLUENCE* 

X 

< 

2 

UNIT 

•gt 

Gate Trigger Current 

Vaa = 6 V, R|_=100n, t p (g) > 20 ns 

1 X 10 14 n/cm 2 

40 

mA 

v T 

Static On-State Voltage 

1 j = 20 A, See Note 6 

1 X 10 14 n/cm 2 

1.5 

V 


t Radiation is fast neutrons (n) at E > 10 keV (reactor spectrum). 


thermal characteristics 


PARAMETER 

§ 

> 

X 

UNIT 

RfljC Junction-to-Case Thermal Resistance 

2.33 

°c/w 

R0JA Junction-to-Free-Air Thermal Resistance 

87.5 


NOTE 6: These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. Voltage-sensing contacts, separate from 
the current-carrying contacts, are located within 0.125 inch from the device body. 
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mechanical data 


SERIES TIC106 

P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


• 5 A DC 

• 30 V to 400 V 

• 30 A Surge-Current 

• Max Iqt of 200 m A 


THE ANODE IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 
THE GATE TERMINAL IS CONNECTED TO A P REGION 



(TO-66 DIMENSIONS) 


CATHODE— 
ANODE- 
GATE - 


0018 

0.012 

M= 




1 




-I 


TT L— mJ 

\- o,rl h 


T * 

0.420 
~T 0.380 

L L^zi 


0.375 0.190 

~ 0.355 { 0.165 


0.05s l f 
0.045 

CASE TEMPERATURE 
f MEASUREMENT POINT 


1 1 P (2 PLACES) 

: — 

* t + 1 irir ~d 

— 

t L°J1° i 

0090 Lo. 540 MIN»i 

r-^ 


ALL DIMENSIONS ARE IN INCHES 


dia 

0.151 D ' A 
0.060 
0.040 
RAD (2 PLACES) 



absolute maximum ratings over operating case temperature range (unless otherwise noted) 



TIC106Y 

TIC106F 

TIC106A 

TIC106B 

TIC106C 

TIC106D 

UNIT 

Repetitive Peak Off -State Voltage, Vqrm (See Note 1) 

30 

50 

100 

200 

300 

400 

V 

Repetitive Peak Reverse Voltage, Vrrm 

30 

50 

100 

200 

300 

400 

V 

Continuous On-State Current at (or below) 

80° C Case Temperature (See Note 2) 

5 

A 

Average On-State Current (180° Conduction Angle) 
at (or below) 80° C Case Temperature (See Note 3) 

3.2 

A 

Surge On-State Current (See Note 4) 

30 

A 

Peak Positive Gate Current (Pulse Width < 300 jus) 

0.2 

A 

Peak Gate Power Dissipation (Pulse Width < 300 jus) 

1.3 

W 

Average Gate Power Dissipation (See Note 5) 

0.3 

W 

Operating Case Temperature Range 

-40 to 110 

°C 

Storage Temperature Range 

-40 to 125 

°C 

Lead Temperature 1/16 Inch from Case for 10 Seconds 

230 

°c 



NOTES: 


1. These values apply when the gate-cathode resistance Rqk = 1 k£}. 

2. These values apply for continuous d-c operation with resistive load. Above 80°C derate according to Figure 3. 

3. This value may be applied continuously under single-phase 60-Hz half-sine-wave operation with resistive load. Above 80°C derate 
according to Figure 3. 

4. This value applies for one 60-Hz half-sine-wave when the device is operating at (or below) rated values of peak reverse voltage and 
on-state current. Surge may be repeated after the device has returned to original thermal equilibrium. 

5. This value applies for a maximum averaging time of 16.6 ms. 
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SERIES TIC106 

P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

*DRM Repetitive Peak Off-State Current 

Vp = Rated Vdrm> 

Rqk = 1 kft, Tq = 110°C 

400 

juA 

•rrm 

Repetitive Peak Reverse Current 

V R = Rated V RRM , 

l G = 0, T C = 110°C 

1 

m A 

•gt 

Gate Trigger Current 

V AA = 6 V, 

R|_ = 100 fl, tp(g) ^ 20 jus 


60 

200 

mA 



V AA = 6 V, 

Rl_ = 100i2, Rqk = 1 kfi. 

1.2 




tp(g)> 20 ns, 

T C = -40° C 


Vgt 

Gate Trigger Voltage 

V A A - 6 V, 

tp(g)> 20 US 

Rl = 100 Rqk ~ 1 kfl. 

0.4 

0.6 

1 

V 



V AA = 6 V, 

R|_ = 100 £1, Rqk = 1 k!2. 

0.2 




tpigP 20 ms. 

T c = 1 10°C 




V AA = 6 V, 

r GK = 1 Initiating Ij = 10 m A , 

8 


«H 

Holding Current 

T C = -40° C 


mA 



V AA = 6 V, 

Rqk = 1 kfi. Initiating \j = 10 m A 

5 


VTM 

Peak On-State Voltage 

ITM = 5 A, 

See Note 6 

1.7 

V 

dv/dt 

Critical Rate of Rise of Off-State Voltage 

Vq = Rated Vp, 

Rqk = 1 kft, T C = 110°C 

10 

V/jus 


thermal characteristics 


PARAMETER 

MAX 

UNIT 

R^JC Junction-to-Case Thermal Resistance 

3.5 

bc/w 

R0j A Junction-to- Free- Air Thermal Resistance 

62.5 


NOTE 6: This parameter must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. Voltage-sensing contacts, separate from the 
current-carrying contacts, are located within 0.125 inch from the device body. 
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SERIES TIC106 

P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

TYP 

UNIT 


Gate-Controlled Turn-On-Time 

Vaa = 30 V, R[_ = 6ft, 
Vj n = 50 V, See Figure 1 

RGK(eff) = 5 kfi. 

1.75 

MS 

*q 

Circuit-Commutated Turn-Off Time 

V AA = 30V, R L = 6i2, 
See Figure 2 

IrM « 8 A, 

7.7 

MS 


PARAMETER MEASUREMENT INFORMATION 


v 2 o rr 

Vi 0-n 


XT- 


input 


OUTPUT 



VOLTAGE WAVEFORMS 


Vaa = 30 V 



OUT- 

PUT 


TEST CIRCUIT 

FIGURE 1 - GATE-CONTROLLED TURN-ON TIME 




FIGURE 2-CIRCUIT-COMMUTATED TURN-OFF TIME 



NOTES: A. V- m is measured with gate and cathode terminals open. 

B. The input waveform of Figure 1 has the following characteristics: t r < 40 ns, t w > 20 /us. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 1 4 ns, R j n > 10 MS7, C in < 1 2 pF. 

D. RGK(eff) includes the total resistance of the generator and the external resistor. 

E. Pulse generators for V-| and V 2 are synchronized to provide an anode current waveform with the following characteristics: 
t w = 50 to 300 /us, duty cycle =1%. The pulse widths of V-j and V 2 are > 10 /us. 

F. Resistor R-j is adjusted for Irm 8 A. 
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THERMAL INFORMATION 


AVERAGE ANODE 

FORWARD CURRENT DERATING CURVE 


MAXIMUM CONTINUOUS ANODE POWER DISSIPATED 
vs 

CONTINUOUS ANODE FORWARD CURRENT 



0 I I I I I I I I 31 

30 40 50 60 70 80 90 100 110 

Tq— C ase Temperature— °C 
FIGURE 3 



1 1 I I L J 1— ULLi 1 1 1111 L.1..I 

1 2 4 7 10 20 40 70 100 


Ip— Continuous Anode Forward Current— A 

FIGURE 4 


SURGE ON-STATE CURRENT 
vs 

CYCLES OF CURRENT DURATION 



Consecutive 60-Hz Half-Sine-Wave Cycles 

FIGURE 5 


NOTE 7: This curve shows the maximum number of cycles of surge 
at nonoperating thermal equilibrium. 


TRANSIENT THERMAL RESISTANCE 
vs 

CYCLES OF CURRENT DURATION 



1 2 4 7 10 20 40 70 100 

Consecutive 60-Hz Half-Sine-Wave Cycles 

FIGURE 6 

for whigh gate control is guaranteed provided the device is initially 
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SERIES TIC106 

P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


TYPICAL CHARACTERISTICS 


GATE TRIGGER CURRENT 
vs 

CASE TEMPERATURE 


GATE TRIGGER VOLTAGE 
vs 

CASE TEMPERATURE 



-50 -25 0 25 50 75 100 125 



-50 -25 0 25 50 75 100 125 


Tc— Case Temperature— °C 


Tq— C ase Temperature— °C 


FIGURE 7 


FIGURE 8 


GATE FORWARD VOLTAGE 
vs 

GATE FORWARD CURRENT 


HOLDING CURRENT 
vs 

CASE TEMPERATURE 



0.1 0.4 1 2 4 10 20 40 100 400 1000 


< 

£ 

I 


o 


i 

I 

i 



-50 -25 0 25 50 75 100 125 


•OF - 1 Gate Forward Current— m A 


Tc~ Case Temperature— °C 



FIGURE 9 


FIGURE 10 


NOTE 6: This parameter must be measured using pulse techniques. t w =■ 300 fxs, duty cycle < 2%. Voltage-sensing contacts, separate from the 
current-carrying contacts, are located within 0.125 inch from the device body. 
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SERIES TIC106 

P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


TYPICAL CHARACTERISTICS 

PEAK ON-STATE VOLTAGE 

VS 

PEAK-ON-STATE CURRENT 



0.1 0.2 0.4 0.7 1 2 4 7 10 20 40 

•tM — P eak On-State Current— A 
FIGURE 11 



GATE-CONTROLLED TURN-ON TIME 
vs 

GATE CURRENT 


CIRCUIT-COMMUTATED TURN-OFF TIME 
vs 

CASE TEMPERATURE 


E 

F 


c 

9 

c 

3 

I- 


I 

O 

+5 

c 

8 


0 

1 

a 



0.1 0.2 0.4 0.7 1 2 4 7 10 


IQ-Gate Current-mA 

FIGURE 12 



NOTE 6: This parameter must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. Voltage-sensing contacts, separate from the 
current-carrying contacts, are located within 0,125 inch from the device body. 
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I mechanical data 


SERIES TIC116, TIC126 
P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


8 A and 12 A DC 
50 V to 600 V 


• 80 A and 100 A Surge Current 

• MAX l GT of 20 mA 



absolute maximum ratings over operating case temperature range (unless otherwise noted) 



SERIES 

TIC116 

SERIES 

TIC126 

UNIT 

Repetitive Peak Off-State Voltage, Vqrm (See Note 1) 

F Suffix 

50 

50 

V 

A Suffix 

100 

100 

B Suffix 

200 

200 

C Suffix 

300 

300 

D Suffix 

400 

400 

E Suffix 

500 

500 

M Suffix 

600 

600 

Repetitive Peak Reverse Voltage, Vrrm 

F Suffix 

50 

50 

V 

A Suffix 

100 

100 

B Suffix 

200 

200 

C Suffix 

300 

300 

D Suffix 

400 

400 

E Suffix 

500 

500 

M Suffix 

600 

600 

Continuous On-State Current at (or below) 70° C Case Temperature (See Note 2) 

8 

12 

A 

Average On-State Current (180° Conduction Angle) at (or below) 70° C Case Temperature (See Note 3) 

5 

7.5 

A 

Surge On-State Current (See Note 4) 

80 

100 

A 

Peak Positive Gate Current (Pulse Width < 300 jus) 

3 

A 

Peak Gate Power Dissipation (Pulse Width < 300 jus) 

5 

W 

Average Gate Power Dissipation (See Note 5) 

1 

W 

Operating Case Temperature Rangd 

-40 to 110 

°C 

Storage T emperature Range 

-40 to 125 

°C 

Lead Temperature 1/16 Inch from Case for 10 Seconds 

230 

°C 



NOTES: 1. These values apply when the gate-cathode resistance Rqk = 1 k£2. 

2. These values apply for continuous d-c operation with resistive load. Above 70 C derate according to Figure 3. 

3. This value may be applied continuously under single-phase, 60-Hz, half -sine-wave operation with resistive load. Above 70 C derate 
according to Figure 3. 

4. This value applies for one 60-Hz half sine wave when the device is operating at (or below) rated values of peak reverse voltage and 
on-state current. Surge may be repeated after the device has returned to original thermal equilibrium. 

5. This value applies for a maximum averaging time of 1 6.6 ms. 


471 


Texas Instruments 

INCORPORATED 


7-51 


POST OFFICE BOX 50X2 • DALLAS, TEXAS 75222 


SERIES TIC116,TIC126 

BULLETIN NO. DL-S 711 1467, APRIL 1971 



SERIES TIC116, TIC126 

P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

SERIES 

MIN 

TYP 

MAX 

UNIT 

! drm 

Repetitive Peak 

Off-State Current 

Vp = Rated Vqrm, 

Rqk = 1 k ^. 

T c = 1 1 0° C 

All 

2 

mA 

>RRM 

Repetitive Peak 

Reverse Current 

Vr = Rated V RRM 

iG = o. 

T c = 110°C 

All 

2 

mA 

*GT 

Gate T rigger Current 

V A a = 6V, 

r l = 100 SI, 

tp(g) > 20 JUS 

All 


5 

20 

mA 



V AA = 6 V, 
tp(g) > 20 ^ s ' 

Rj_ = 100 ft, 
T C = —40° C 

Rqk = 1 k ^. 

All 

2.5 




V GT 

Gate Trigger Voltage 

V AA = 6V, 
t p(g) ^ 20 

Rl = ioo ft. 

RGK " 1 kft. 

All 


0.8 

1.5 

V 



V AA = 6V, 
t p(g) ^ 20 ms. 

r l = ioo ft, 
t c = no°c 

RGK = 1 k ^. 

All 

0.2 


■H 

Holding Current 

V A A ~ 6 V, 

T C = -40°C 

R Q K = 1 kfl, 

Initiating It = 100 mA, 

All 

70 

mA 



V AA = 6 V, 

Rqk = 1 

Initiating lj = 100 mA 

All 

40 


VTM 

Pool/ O n C+oto \//s|tonD 

ItM = 8 A, 

See Note 6 


TIC116 

1.7 

\/ 

reaK v-Jn-oTai“ v ullage 

lTM = 12 A, 

See Note 6 


TIC126 

1.4 


dv/dt 

Critical Rate of Rise 

of Off-State Voltage 

Vq = Rated Vq, 

|Q = 0. 

H 

O 

II 

o 

o° 

All 

100 

V/jus 



thermal characteristics 




SERIES 

SERIES 



PARAMETER 

TIC116 

MAX 

TIC126 

MAX 

UNIT 

R 0JC 

Junction-to-Case Thermal Resistance 

3 

2.4 

°c/w 

r 0JA 

Junction-to-Free-Air Thermal Resistance 

62.5 

62.5 


NOTE 6: This parameter must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. Voltage-sensing contacts, separate from the 
current-carrying contacts, are located within 0.125 inch from the device body. 
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SERIES TIC116. TIC126 
P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


switching characteristics at 25 C case temperature 


PARAMETER 


tgt Gate-Controlled Turn-On Time 


Circuit-Commutated T urn-Off Time 


TEST CONDITIONS 

TYP 

Vaa = 30 V, Rl = 6S2, RGK(eff) = 100 n, 

V, n = 20 V, See Figure 1 

0.8 

vaa = 3ov, R L = on, irm = ioa, 

See Figure 2 

11 


PARAMETER MEASUREMENT INFORMATION 


INPUT Vm 


VOLTAGE WAVEFORMS 


See Notes A, B, and C 

lT i 


See Note D ^ 

r ' 

J"L 

? 

T R GK(eff) 
INPUT 

GENERATOR 

rh r 


Vaa = 30 V 

k 

i i— -o 0UT - 

♦ £ u PUT 


TEST CIRCUIT 

FIGURE 1 - GATE-CONTROLLED TURN-ON TIME 



WAVEFORMS 


t(S 


I Vj Monitor R i 

T . . + 4—0 (See /fseeNoteF 

Thynstor T Note c) 1 
Under Test /T\ / TN 

1 kfi 

R GK(eff) 

See Note E 



I Generator Synchronization | 

TEST CIRCUIT 

FIGURE 2-CIRCUIT-COMMUTATED TURN-OFF TIME 


NOTES: A. Vj n is measured with gate and cathode terminals open. 

B. The input waveform of Figure 1 has the following characteristics: t r < 40 ns, t w > 20 jus. 

C. Waveforms are monitored on an oscilloscope with the following characteristics: t r < 14 ns, Rj n >10 Mfi, Cj n <12 pF. 

D. RGK(eff) includes the total resistance of the generator and the external resistor. 

E. Pulse generators for V-j and V 2 are synchronized to provide an anode current waveform with the following characteristics 
t w = 50 to 300 jus, duty cycle =1%. The pulse widths of V-j and V 2 are > 10 jus. 

F. Resistor R^ is adjusted for Irm *»10 A. 
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SERIES TIC116, TIC126 

P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


THERMAL INFORMATION 



c 

O 


% 

< 


5 

I 


AVERAGE ON-STATE CURRENT DERATING CURVE 



30 40 50 60 70 80 90 100 110 


Tq— C ase Temperature— °C 


FIGURE 3 


MAXIMUM CONTINUOUS ANODE POWER DISSIPATED 
vs 

CONTINUOUS ON-STATE CURRENT 



0.1 0.2 0.4 1 2 4 7 10 20 40 70100 

I j— Continuous On-State Current— A 

FIGURE 4 



SURGE ON-STATE CURRENT 
vs 

CYCLES OF CURRENT DURATION 



1 2 4 7 10 20 40 70 100 


TRANSIENT THERMAL RESISTANCE 
vs 

CYCLES OF CURRENT DURATION 



1 2 4 7 10 20 40 70 100 


Consecutive 60-Hz Half Sine-Wave Cycles 


Consecutive 60-Hz Half Sine-Wave Cycles 


FIGURE 5 FIGURE 6 

NOTE 7: This curve shows the maximum number of cycles of surge current for which gate control is guaranteed provided the device is inltailly 
at nonoperating thermal equilibrium. 
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SERIES TIC116, TIC126 
P-N-P-N SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


TYPICAL CHARACTERISTICS 


GATE TRIGGER CURRENT 
vs 


CASE TEMPERATURE 


< 

E 

I 


0} 

I 

I— 

0) 

CO 

7 

h 

O 



-50 -25 0 25 50 75 100 125 

T c~ Case T emperature— °C 


GATE TRIGGER VOLTAGE 


vs 



-50 -25 0 25 50 75 100 125 


Tq— C ase Temperature— °C 


FIGURE 7 


FIGURE 8 


GATE FORWARD VOLTAGE 
vs 

GATE FORWARD CURRENT 



0.1 0.4 1 4 10 40 100 400 1000 


HOLDING CURRENT 
vs 

CASE TEMPERATURE 



-50 -25 0 25 50 75 100 125 



lQp— Gate Forward Current— mA 


Tq— C ase Temperature— °C 


FIGURE 9 


FIGURE 10 


NOTE 6: This parameter must be measured using pulse techniques . t w = 300 fis, duty cycle < 2%. Voltage-sensing contacts, separate from the 
current-carrying contacts, are located within 0.125 inch from the device body. 
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TYPICAL CHARACTERISTICS 

PEAK ON-STATE VOLTAGE 
vs 

PEAK ON-STATE CURRENT 



0.1 0.2 0.4 0.7 1 2 4 7 10 20 40 70 100 

ItM - 1 P ea *< On-State Current— A 

FIGURE 11 


GATE-CONTROLLED TURN-ON TIME 
vs 

GATE CURRENT 


Cl RCUIT-COMMUTATED TURN-OFF TIME 
vs 

CASE TEMPERATURE 
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_ V A a = 30 V 
Vin = l G X1C 
_ RL = 6T2 
RGK(eff) > 1 
- tpfg) > 20 

T C = 25°C 
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100 


200 400 

I G— Gate Current— m A 
FIGURE 12 


700 1000 


E 

F 


E 

E 

8 


V 



0 25 50 75 100 125 150 


Tq— C ase Temperature— °C 


FIGURE 13 


NOTE 6: This parameter must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. Voltage-sensing contacts, separate from the 
current-carrying contacts, are located within 0.125 inch from the device body. 
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description 


SERIES TIC205, TIC206 
SILICON BIDIRECTIONAL TRIODE THYRISTORS 


SENSITIVE-GATE TRIACS 

• 2 A RMS (Series TIC205) 

• 3 A RMS (Series TIC206) 

• 100 V, 200 V, and 400 WORM 


These devices are bidirectional triode thyristors (triacs) which may be triggered from the off -state to the on-state by 
either polarity of gate signal with Main Terminal 2 at either polarity. 


mechanical data 


SERIES 

TIC205 


MAIN TERMINAL 2 IS IN ELECTRICAL CONTACT WITH THE CASE 



ALL DIMENSIONS ARE 
IN INCHES UNLESS 
OTHERWISE SPECIFIED 



SERIES 

TIC206 


ALL JEDEC TO-39 DIMENSIONS AND NOTES, ARE APPLICABLE 

MAIN TERMINAL 2 IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


MAIN TERMINAL 1 
MAIN TERMINAL 2 
GATE 




ALL DIMENSIONS ARE IN INCHES 


ookTJ f 

0 045 

CASE TEMPERATURE 
MEASUREMENT POINT 


\_ 0.060 
0.040 

RAD (2 PLACES) 



absolute maximum ratings over operating case temperature range (unless otherwise noted) 1 * 



SERIES 

TIC205 

SERIES 

TIC206 

UNIT 

Repetitive Peak Off -State Voltage, Vqr|\/i (See Note 1) 

A Suffix 

100 

100 

V 

B Suffix 

200 

200 

D Suffix 

400 

400 

Full-Cycle RMS On-State Current at (or below) 70°C Case Temperature, It(RMS) (See Note 2) 

2 

3 

A 

Peak On-State Surge Current, Full-Sine-Wave, ItsM (See Note 3) 

20 

20 

A 

Peak Gate Current, Iqm 

;±1 • 

±1 

A 

Operating Case Temperature Range 

-40 to 110 

°C 

Storage Temperature Range 

-40 to 125 

°C 

Lead or Terminal Temperature 1/16 Inch from Case for 10 Seconds 

230 

°C 



NOTES: 1. These values apply bidirectionally for any value of resistance between the gate and Main Terming! 1 . 

2. This value applies for 50-Hz to 60-Hz full-sine-wave operation with resistive load. Above 70°C derate linearly to 110°C case 
temperature at the rate of 50 mA/°C for Series TIC205 and 75 mA/°C for Series TIC206. 

3. This value applies for one 60-Hz full sine wave when the device is operating at (or below) rated values of peak reverse voltage and 
on-state current. Surge may be repeated after the device has returned to original thermal equilibrium. 

*AII voltage values are with respect to Main Terminal 1. 
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SERIES TIC205, TIC206 

SILICON BIDIRECTIONAL TRIODE THYRISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) ^ 







SERIES 

SERIES 



PARAMETER 


TEST CONDITIONS 

TIC205 

TIC206 

UNIT 






MIN MAX 

MIN MAX 


'drm 

Repetitive Peak 

Off-State Current 

VqRM = Rated V DRM* lG = 0 ' 

T C = 110°C 

±1 

±1 

mA 



VSUPPIV-+12V+ 

R L = 1012, 

tp(g) >2 °m s 

5 

5 


•gtm 

Peak Gate Trigger Current 

V S upply=+12V+, 

R|_ = 1012, 

t p(g> > 20 ms 

-5 

-5 

mA 

Vsupply=-12VT, 

R L = 1012, 

tplg) > 20 

-5 

-5 



v supply = ~ 12 V+, 

R L = 1012, 

•pig) > 20 ps 

10 

10 




V SU pply = +12Vt, 

R L = 1012, 

•pig) > 20 ms 

2 

2 


V GTM 

Peak Gate Trigger Voltage 

V SU pply = +12V+, 

R|_ = 1012, 

t p (g) >2°MS 

-2 

-2 

v 

VsupDlv = -12Vt, 

R L = 1012, 

tp(g) >2°MS 

-2 

-2 




V SU pply=-12Vt, 

R L = 1012, 

•pig) >20 PS 

2 

2 


V TM 

Peak On-State Voltage 

ITM = ±2.8 A, 

Iq = 50 mA, 

See Note 4 

±1.9 


V 

lTM = ±4 - 2 

Iq = 50 mA, 

See Note 4 


±2.2 


Holding Current 

V S upply = +12V^. 

|Q = 0, 

Initiating IxM =100 mA 

30 

30 

mA 

Vsupply=-12Vt, 

•g = 0, 

Initiating IxM = —100 mA 

-30 

-30 


^All voltage values are with respect to Main Terminal 1. 

NOTES: 4. This parameter must be measured using pulse techniques. t w < 1 ms, duty cycle < 2 %. Voltage-sensing contacts, separate from 
the current-carrying contacts, are located within 0.125 inch from the device body. 

5. The triacs are triggered by a 15-V (open-circuit amplitude) pulse supplied by a generator with the following characteristics: 
Rq = 1 00 12, t w =20 jus, t r < 15 ns, tf < 15 ns, f = 1 kHz. 



thermal characteristics 


PARAMETER 

SERIES 

TIC205 

SERIES 

TIC206 

UNIT 

MAX 

MAX 

R0JC Junction-to-Case Thermal Resistance 

13.7 

7.8 

°c/w 

R0JA Junction-to-Free-Air Thermal Resistance 

175 

62.5 
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SERIES TIC215, TIC216 
SILICON BIDIRECTIONAL TRIODE THYRISTORS 


SENSITIVE-GATE TRIACS 
3 A and 6 A RMS • 100 V, 200 V, and 400 V 


description 

These devices are bidirectional triode thyristors (triacs) which may be triggered from the off-state by either polarity of 
gate signal with Main Terminal 2 at either polarity. 

mechanical data 

[SERIES MAIN TERMINAL 2 IS IN ELECTRICAL CONTACT WITH THE CASE I I 


ALL DIMENSIONS ARE 
IN INCHES UNLESS 
OTHERWISE SPECIFIED 


ALL JEDEC TO-39 DIMENSIONS AND NOTES ARE APPLICABLE 

SERIES MAIN TERMINAL 2 IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


MAIN TERMINAL 1 — 
MAIN TERMINAL 2 — 
GATE- 





ALL DIMENSIONS ARE IN INCHES 


absolute maximum ratings over operating case temperature range (unless otherwise noted)'*' 


Repetitive Peak Off-State Voltage, VpRM (See Note 1) B Suffix 200 200 V 

D Suffix ~~ 400 400 

Full-Cycle RMS On-State Current at {or below) 70°C Case Temperature, It(RMS) (See Note 2) 3 6 A 

Peak On-State Surge Current, Full-Sine-Wave, IjSM (See Note 3) 20 60 A 

Peak Gate Current, I qm ±1 ±1 A 

Operating Case Temperature Range —40 to 1 1 0 °C 

Storage Temperature Range —40 to 125 °C 

Lead or Terminal Temperature 1/16 Inch from Case for 10 Seconds 230 °C 

NOTES: 1. These values apply bidirectionally for any value of resistance between the gate and Main Terminal 1 . 

2. This value applies for 50-Hz to 60-Hz full-sine-wave operation with resistive load. Above 70 C derate linearly to 110 C case 
temperature at the rate of 75 mA/°C for Series TIC215 and 150 mA/°C for Series TIC216. 

3. This value applies for one 60-Hz full sine wave when the device is operating at (or below) rated values of peak reverse voltage and 
on-state current. Surge may be repeated after the device has returned to original thermal equilibrium. 

I" All voltage values are with respect to Main Terminal 1. 
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SERIES TIC215, TIC216 

SILICON BIDIRECTIONAL TRIODE THYRISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted)+ 







SERIES 

SERIES 




PARAMETER 


TEST CONDITIONS 

TIC215 

TIC216 


UNIT 






MIN TYP MAX 

MIN TYP MAX 


*DRM 

Repetitive Peak 

Off-State Current 

VDRM = Rated V DRM , l G = 0, 

Tc= 110°C 

±2 

±2 

mA 



Vsupply ~ +12 v+ . 

R [_ = 10n, 

tp(g) >20 ms 

5 

5 


'gtm 

Peak Gate 

V supply = +12 V T , 

r l = io a. 

tp(g) ^ 20 

-5 

-5 

mA 

T rigger Current 

Vsupply- -12 Vt, 

R L = 10«, 

*p(g) * 20 ps 

-5 

-5 



Vsupply = -12 Vt, 

R[_ = ion. 

l p(g) > 20 ms 

10 

10 




Vsupply - +12 VT, 

r l = ion. 

, p(g) s> 20Ms 

2.2 

2.2 


V GTM 

Peak Gate 

Vsupply’ +12 Vt. 

r i_ - ion. 

tp(g| 5» 20 MS 

-2.2 


-2.2 

y 

T rigger Voltage 

Vsupply- -12 VT, 

r l = ion. 

tp(fl) > 20 MS 

-2.2 


-2.2 




Vsupply- -12 Vt. 

r l = ion. 

tp(g)>20MS 

3 

3 


V TM 


I T M= ±4 - 2 At 

a 

ii 

o 

o 

3 

> 

See Note 4 

±2 



Peak On-State Voltage 

l T M = ±8.4A, 

l G = 100 mA, 

See Note 4 


±1.7 

V 

'H 

Holding Current 

Vsupply- +12 Vt, 

o' 

ii 

U 

Initiating Itm = 100 nrtA 

30 

30 

mA 

Vsupply- -12 Vt, 

•g = 0/ 

Initiating lj|y| = —100 mA 

-30 

-30 

I , 

Latching Current 

Vsupply = +12 V T , 

See Note 5 


50 

50 

mA 

•L 

Vsupply- -12 Vt. 

See Note 5 


-20 

-20 


^ All voltage values are with respect to Main Terminal 1. 

NOTES: 4. This parameter must be measured using pulse techniques. t w < 1 ms, duty cycle < 2%. Voltage-sensing contacts, separate from 
the current-carrying contacts, are located within 0.125 inch from the device body. 

5. Tha triacs are triggered by a 15-V (open-circuit amplitude) pulse supplied by a generator with the following characteristics: 
Rq = 100 n, t w = 20 jus, t r < 15 ns, tf < 15 ns, f = 1 kHz. 


thermal characteristics 


PARAMETER 

SERIES 

TIC215 

SERIES 

TIC216 

UNIT 

MAX 

MAX 

RfljC Junction-to-Case Thermal Resistance 

8.6 

5.1 

°C/W 

RfljA Junction-to-Free-Air Thermal Resistance 

175 

62.5 
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TYPES TIC226B, TIC226D 
SILICON BIDIRECTIONAL TRIODE THYRISTORS 


8 A RMS • 200 V and 400 V 
TRIACS 
for 

HIGH-TEMPERATURE, HIGH-CURRENT, and HIGH-VOLTAGE APPLICATIONS 
• Typ dv/dt of 500 V/^us at 25°C 


03 H 
C< 
r io 
r- m 
m </i 
Hh 
20 
2 N) 

O O) 
' 00 
O' 


description 


CO o 


These devices are bidirectional triode thyristors (triacs) which may be triggered from the off-state to the on-state by 
either polarity of gate signal with Main Terminal 2 at either polarity. 

mechanical data 



absolute maximum ratings over operating case temperature range (unless otherwise noted) * 


r — i 


UNIT 

Repetitive Peak Off-State Voltage, Vqrm (See Note 1) 

TIC226B 

200 

V 

TIC226D 

400 

Full-Cycle RMS On-State Current at (or below) 

85°C Case Temperature, It(RMS) (See Note 2) 

8 

A 

Peak On-State Surge Current, Full-Sine-Wave, Itsm (See Note 3) 

70 

A 

Peak On-State Surge Current, Half-Sine-Wave, Ijsm (See Note 4) 

80 

A 

Peak Gate Current, Iqm 

1 

A 

Peak Gate Power Dissipation, PQM* at (° r below) 

85° C Case Temperature (Pulse Width < 200 jus) 

2.2 

W 

Average Gate Power Dissipation, PQ(av)» at (° r below) 

85° C Case Temperature (See Note 5) 

0.9 

W 

Operating Case Temperature Range 

-40 to 110 

°C 

Storage Temperature Range 

-40 to 125 

°c 

Lead Temperature 1/16 Inch from Case for 10 Seconds 

230 

°c 


8 

> 

"0 

30 



NOTES: 1 . These values apply bidirectionally for any value of resistance between the gate and Main Terminal 1 . 

2. This value applies for 50-Hz to 60-Hz full -sine-wave operation with resistive load. Above 85° C derate according to Figure 2. 

3. This value applies for one 60-Hz full sine wave when the device is operating at (or below) the rated value of on-state current. Surge 
may be repeated after the device has returned to original thermal equilibrium. During the surge, gate control may be lost. 

4. This value applies for one 60-Hz half sine wave when the device is operating at (or below) the rated value of on-state current. Surge 
may be repeated after the device has returned to original thermal equilibrium. During the surge, gate control may be lost. 

5. This value applies for a maximum averaging time of 16.6 ms. 

^ All voltage values are with respect to Main Terminal 1. 
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TYPES TIC226B. TIC226D 

SILICON BIDIRECTIONAL TRIODE THYRISTORS 
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electrical characteristics at 25°C case temperature (unless otherwise noted 


PARAMETER 

TEST CONDITIONS 

MIN TYP 

MAX 

UNIT 

•drm 

Repetitive Peak 

Off-State Current 

V DRM = Rated V DRM , 

lG = 0 

T c = 1 1 0° C 

±2 

mA 



^supply = +12 Vt, 

R L = 10n, 

tp(g) > 20 JUS 

15 

50 


•gtm 

Peak Gate Trigger Current 

v supply = +12 Vt, 

r l = ion. 

tp(g) ^ 20 fJ,S 

-25 

-50 

mA 

Vsupply = -12 Vt, 

Rl= io n. 

tp(g) > 20 MS 

-30 

-50 



^supply = — 12 Vt, 

r l = 10 n. 

tp(g, J> 20 PS 

75 , 




v supply = +12 Vt, 

Rl= io n. 

tp(g) ^ 20 M s 

0.9 

2.5 


V GTM 

Peak Gate Trigger Voltage 

^supply “ +12 Vt, 

r l = io n. 

tp(g) ^ 20 JUS 

-1.2 

-2.5 

v 

v supply = — 12 Vt, 

r l = io n. 

tp(g) > 20 JUS 

-1.2 

-2.5 




^supply ® — 12 Vt, 

r l = io n. 

tp(g) ^ 20 MS 

1.2 


V TM 

Peak On-State Voltage 

l TM = ±12 A, 

1 <3 = 100 mA, See Note 6 

±2.1 

V 

lH 

Holding Current 

^supply = +12 Vt, 

ig = o* 

Initiating Ijm = 500 mA 

20 

60 

mA 

^supply “—12 Vt, 

a 

ii 

o 

Initiating 1-pM = —500 mA 

-30 

-60 

l L 

Latching Current 

^supply = +12 Vt, 

See Note 7 


30 

70 

mA 


^supply = — 12 Vt, 

See Note 7 


-40 

-70 

dv/dt 

Critical Rate of Rise 

of Off-State Voltage 

V DRM = Rated V DRM , 

iG = 0* 

T c = 1 10°C 

500 

V/ms 

dv/dt 

Critical Rate of Rise of 

V DRM = Rated V DRM , 

l TRM = ±12 A,T C = 85°C, 



V/ms 

Commutation Voltage 

See Figure 3 






^ All voltage values are with respect to Main Terminal 1. 

NOTES: 6. This parameter must be measured using pulse techniques. t w < 1 ms, duty cycle < 2%. Voltage-sensing contacts, separate from the 
current-carrying contacts, are located within 0.125 inch from the device body. 

7. The triacs are triggered by a 15-V (open-circuit amplitude) pulse supplied by a generator with the following characteristics: 
Rq = 100 n, t w = 20 jus, t r < 1 5 ns, tf < 1 5 ns, f = 1 kHz. 

thermal characteristics 


PARAMETER 

MAX 

UNIT 

RflJC Junction-to-Case Thermal Resistance 

1.8 

°C/W 

RflJA Junction-to-Free-Air Thermal Resistance 

62.5 
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TYPES TIC226B, TIC226D 
SILICON BIDIRECTIONAL TRIODE THYRISTORS 


PARAMETER MEASUREMENT INFORMATION 

The rate of rise of commutation voltage is defined as the slope of the line connecting the 10% and 63% test voltage 
points. 

The critical rate of rise of commutation voltage is the rate above which the device will not sustain the off -state 
following conduction but will conduct current in the opposite direction in the absence of a gate-trigger signal. While 
this failure to switch to the off-state is not detrimental to the thyristor, it does result in loss of control of power to the 
load. 


LOAD 




FIGURE 1-COMMUTATING dv/dt 


NOTE A: The gate-current pulse is furnished by a trigger circuit which presents essentially an open circuit between pulses. The pulse is timed 
so that the off -state-voltage duration is approximately 800 /bis. 
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THERMAL INFORMATION 


MAXIMUM RMS ON-STATE CURRENT 


I 

I 

I 


VS 



Tc-Case Temperature-°C 

FIGURE 2 

SURGE ON-STATE CURRENT 
vs 

CYCLES OF CURRENT DURATION 
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Consecutive 60-Hz Full-Sine-Wave Cycles 


FIGURE 4 


MAXIMUM AVERAGE POWER DISSIPATED 


vs 



lT{ R MS) — RMS On-State Current—A 

FIGURE 3 


NOTES: 8, For operation at current greater than 8 amps rms, see 
Figure 4. 

9. The dashed curve shows the maximum number of 
cycles of surge current recommended for safe opera- 
tion provided the device is initially operating at, or 
below, the rated value of on-state current; however, 
during the surge period gate control of the device may 
be lost. 

10. The solid curve shows the maximum number of cycles 
of surge current for which gate control is guaranteed 
provided the device is initially at nonoperating thermal 
equilibrium. 


TYPICAL CHARACTERISTICS 


PEAK GATE TRIGGER CURRENT 
vs 

CASE TEMPERATURE 



PEAK GATE TRIGGER VOLTAGE 
vs 

CASE TEMPERATURE 
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FIGURE 5 FIGURE 6 

^The supply voltage is called positive when it causes Main Terminal 2 to be positive with respect to Main Terminal 1 . 
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SERIES TIC236, TIC246 
SILICON BIDIRECTIONAL TRIODE THYRISTORS 


TRI ACS 

12 A and 16 A RMS • 200 V and 400 V 


description 

These devices are bidirectional triode thyristors (triacs) which may be triggered from the off -state by either polarity of 
gate signal with Main Terminal 2 at either polarity. This triac is available in the isolated tab package as a special device. 
For information contact a Tl field sales office or Power Product Marketing, MS 51, P.O. Box 5012, Dallas, Texas 
75222. 

mechanical data 




absolute maximum ratings over operating case temperature range (unless otherwise noted) t 




SERIES 

SERIES 

UNIT 



TIC236 

TIC246 

Repetitive Peak Off-State Voltage, Vqrm (See Note 1) 

B Suffix 

200 

200 

V 

D Suffix 

400 

400 

Full-Cycle RMS On-State Current at (or below) 70°C Case Temperature, Ij(RMS) (See Note 2) 

12 

16 

A 

Peak On-State Surge Current, Full-Sine-Wave, IjSM ( See Note 2 ) 

100 

125 

A 

Peak Gate Current, Iqm 

±1 

±1 

A 

Operating Case Temperature Range 

-40 to 110 

°C 

Storage Temperature Range 

-40 to 125 

°C 

Terminal Temperature 1/16 Inch from Case for 10 Seconds 

230 

°C 


NOTES: 1. These values apply bidirectionally for any value of resistance between the gate and Main Terminal 1. 

2. This value applies for 50-Hz to 60-Hz full-sine-wave operation with resistive load. Above 70° C derate linearly to 110°C case 
temperature at the rate of 300 mA/°C for Series TIC236 and 400 mA/°C for Series TIC246. 

3. This value applies for one 60-Hz full sine wave when the device is operating at (or below) rated values of peak reverse voltage and 
on-state current. Surge may be repeated after the device has returned to original thermal equilibrium. 

1"AII voltage values are with respect to Main Terminal 1. 
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SERIES TIC236, TIC246 

SILICON BIDIRECTIONAL TRIODE THYRISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted)* 




Repetitive Peak 
Off-State Current 


Trigger Current 


Trigger Voltage 


Vtm Peak On-State Voltage 


Holding Current 


Latching Current 


V DRM = Rated V DRM> 'G = 0 

V S upply = + 12Vt, R L = 100, 


T C = 110°C 


v supply = *12 V‘ , 

V supply = + 12 VC 

V supply = ~ 12 V~1. 
Vsupply = ~12V > 

l T M = ±17 A > 

ITM = *22.5 A, 

Vsupply = +12Vtr 

Vsupply— 12 VT 

V supply = + 12 Vj 

V SU pply = -12 Vt, 


R|_=10n, tp(g)>20]US 


tp(g) > 20 JUS 


tp(g) >2°MS 


tp(g) > 20 JUS 


r l = ion, 

RL=10n, tp(g)>20jus 

RL=10n, tp(g)>20jus 

R|_=10n, tp(g)>20jus 

R l = 10 n, tp(g)>20jus 

Iq = 100 mA, See Note 4 

l <3 = 100 mA, See Note 4 

Iq = 0, Initiating l-pM = 150 mA 

Iq = 0, Initiating I jiyi = —150 mA 

See Note 5 



^ All voltage values are with respect to Main Terminal 1. 

NOTES: 4. This parameter must be measured using pulse techniques. t w < 1 ms, duty cycle < 2%. Voltage-sensing contacts, separate from 
the current-carrying contacts, are located within 0.125 inch from the device body. 

5. The triacs are triggered by a 15-V (open-circuit amplitude) pulse supplied by a generator with the following characteristics: 
Rq = 100 n, t w = 20 jus, t r < 1 5 ns, tf < 15 ns, f = 1 kHz. 

thermal characteristics 


PARAMETER 
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SERIES TIC253, TIC263 
SILICON BIDIRECTIONAL TRIODE THYRISTORS 


TRIACS 

20 A and 25 A RMS • 200 V, 400 V, 500 V, and 600 V 


description 

These devices are bidirectional triode thyristors (triacs) which may be triggered from the off-state by either polarity of 
gate signal with Main Terminal 2 at either polarity. This triac is available in the isolated tab package as a special device. 
For information contact a Tl field sales office or Power Product Marketing, MS 51, P.O. Box 5012, Dallas, Texas 
75222. 

mechanical data 





absolute maximum ratings over operating case temperature range (unless otherwise noted) t 



SERIES 

TIC253 

SERIES 

TIC263 

UNIT 

Repetitive Peak Off-State Voltage, Vqrm (See Note 1) 

B Suffix 

200 

200 

V 

D Suffix 

400 

400 

E Suffix 

500 

500 

M Suffix 

600 

600 

Full-Cycle RMS On-State Current at (or below) 70°C Case Temperature, It(RMS) (See Note 2) 

20 

25 

A 

Peak On-State Surge Current, Full-Sine-Wave, IjsM (See Note 3) 

150 

175 

A 

Peak Gate Current, Iqm 

±1 

±1 

A 

Operating Case Temperature Range 

-40 to 110 

°C 

Storage Temperature Range 

-40 to 125 

°C 

Terminal Temperature 1/16 Inch from Case for 10 Seconds 

230 

°C 


NOTES: 1 . These values apply bidirectionally for any value of resistance between the gate and Main Terminal 1 . 

2. This value applies for 50-Hz to 60-Hz full-sine-wave operation with resistive load. Above 70°C derate linearly to 110 C case 
temperature at the rate of 500 mA/°C for Series TIC253 and 625 mA/°C for Series TIC263. 

3. This value applies for one 60-Hz full sine wave when the device is operating at (or below) rated values of peak reverse voltage and 
on-state current. Surge may be repeated after the device has returned to original thermal equilibrium. 

+ All voltage values are with respect to Main Terminal 1. 
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SERIES TIC253, TIC263 

SILICON BIDIRECTIONAL TRIODE THYRISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) t 







SERIES 

SERIES 



PARAMETER 


TEST CONDITIONS 

TIC253 

TIC263 

UNIT 






MIN TYP MAX 

MIN TYPi MAX 


>DRM 

Repetitive Peak 

Off-State Current 

V DRM * Rated V DRM , \q = 0 

T C = 110°C 

±2 

±2 

mA 



Vsupply = + 12Vt, 

R l_ = 10n, 

'p(g) > 20 MS 

50 

50 


'gtm 

Peak Gate 

v supply = + 12 Vt, 

r l = ion, 

tp(g) > 20 MS 

-50 

-50 

,,lA 

Trigger Current 

Vsupply = -12VT, 

r l = ion. 

tp(g) > 20 ms 

-50 

-50 




V supply = — 12 V T , 

R|_ = ion. 

t p (g)S» 2 °MS 

50 

50 




Vsupply = +12VT, 

r l = io n. 

tp(g) > 20 ms 

2.5 

2.5 


V GTM 

Peak Gate 

V supply = + 12 V T , 

R i_ = io n. 

'pig) > 20 us 

-2.5 

-2.5 

V 

Trigger Voltage 

v supply = V 1- , 

r l = ion. 

tp(g) > 20 MS 

-2.5 

-2.5 



v supply = — T2 Vt, 

r i_ = ion. 

tp(g)> 20 M S 

1.2 

1.2 


V TM 

Peak On-State Voltage 

'TM = ±28.2 A, 

1(3 = 100 mA, 

See Note 4 

±1.7 


v 


ITM = 35.2 A, 

1(3 = 100 mA, 

See Note 4 


±1.7 


'H 

Holding Current 

v supply = +12 v *' 

|Q = 0* 

Initiating Ijm =100 mA 

50 

50 

mA 

V supply = — 12 Vt, 

>g * 

Initiating Irm = — 100 mA 

-50 

-50 

1 [_ Latching Current 

V supply = +12 VT, 

See Note 5 


20 

20 

mA 

v supply = — 12 V T , 

See Note 5 


-20 

-20 


^ All voltage values are with respect to Main Terminal 1. 


NOTES: 4. This parameter must be measured using pulse techniques. t w < 1 ms, duty cycle < 2%. Voltage-sensing contacts, separate from 
the current-carrying contacts, are located within 0.125 inch from the device body. 

5. The triacs are triggered by a 15-V (open-circuit amplitude) pulse supplied by a generator with the following characteristics: 
Rq = 100 n, t w = 20 jus, t r < 15 ns„t f < 15 ns, f = 1 kHz. 


thermal characteristics 



SERIES 

SERIES 


PARAMETER 

TIC253 

TIC263 

UNIT 


MAX 

MAX 


RfljC Junction-to-Case Thermal Resistance 

1.52 

1.22 

°c/w 

RflJA Junction-to-Free-Air Thermal Resistance 

36 

36 
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TECHNICAL RESPONSE LAB 


TECHNICAL RESPONSE LAB 

The power semiconductor device industry can be considered to comprise two broad categories of products. There are 
the high-volume, low-cost devices filling "workhorse" needs for the consumer and industrial markets. The plastic 
package devices in this data book are representative of such products. A large segment of the market, however, partic- 
ularly the military /aerospace industry, requires power devices of custom or near-custom design to fill the needs for 
special performance and/or environmental capability. 

This section is devoted to a discussion of a special power device custom design and assembly facility at Dallas, Texas. 
Texas Instruments is proud to consider this facility, termed the Technical Response Lab (TRL), as a unique leadership 
contribution in the semiconductor industry. 

TRL History 

During the past decade, it has become increasingly apparent that power transistor technology was moving forward with 
a speed exceeded only by integrated circuits. With the vast improvements in integrated electronics, the power transistor 
function, in many circuits, has become highly specialized. Tl, foreseeing the trend toward highly specialized devices, 
realized the need for a highly "state-of-the-art" dependent laboratory facility. From this vision in 1967, the original 
"Quick Reaction" lab was established. This lab was staffed with technicians trained in high-reliability assembly 
operations. An assembly engineering team was assigned with close liaison with semiconductor chip development 
engineering in order to coordinate the planning and introduction of new products. 

By early 1969, the "Quick Reaction" lab had become so successful that the need for expansion became acute. 
Incorporating all of the best elements of Tl's other high-reliability manufacturing areas, a newer and larger lab was built 
utilizing a laminar-flow clean-room approach. New equipment was installed and more technicians were added to bring 
the production capability to five thousand units per week. The name was changed to "Technical Response Lab" in 
recognition of the direct link to the chip development area. 

At this time, the direction TRL was to take changed somewhat from a small "job shop" operation to a 
customer-oriented, high-reliability assembly operation. The assembly of all ultra-high-reliability power devices was 
shifted to TRL for such programs as Minuteman, Poseidon, SRAM, and Spartan to take advantage of the technical 
capabilities of the assembly operators. 

Process control monitoring of all assembly operations has been increased, with a full-time process control technician 
assigned to the lab. Assembly is still controlled strictly and limited to a one-shift basis to optimize engineering effort on 
these products. Advanced computer-controlled lot tracking facilitates the isolation of diffusion runs within an assembly 
lot. The computer is again utilized for scheduling, inventory control, and work-in-process cycle time monitoring. 
Standard cycle time through assembly is now only three to four days. Two-day cycle time is readily available in emer- 
gency situations. 

TRL Capabilities 

Capabilities built into the original "Quick Reaction" area have been retained (and perhaps increased somewhat) during 
the expansion to the TRL phase. Customer requirements are such that some customers prefer "soft"t solder while 
others prefer "hard" solder. A conformal coating of the semiconductor is required more often than not. 
Radiation-hardening requirements have made use of gold in packaging unthinkable for some devices. All of these and 
many, many more requirements made state-of-the-art capability a necessity. 


+ See Power Semiconductor Technology, Section 10. 
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TECHNICAL RESPONSE LAB 


Tl leadership in packaging capability is felt to be well established, not only in design but in delivery requirements. A 
totally non-magnetic package (less than 0.1 gamma at 1" from sensor head) is now a standard item in TRL. For isolated 
uses such as magnetic detection of metallic objects or changes in magnetic field intensity during space flights, the totally 
non-magnetic package has become a necessity. This approach has been used on TO-3, TO-66, and a modified TO-121 
package. The modified TO-121 package also has the capability of handling a range of requirements from a 450-MHz RF 
power device to a 30-ampere high-SOA switch. Cold welding is used on this and other packages to eliminate the possible 
weld flash particles that could be generated by resistance welding. 

Virtually any power device package/chip combination is available from Technical Response Lab. Variations of standard 
packages are also available. Tl realizes the obvious advantages of combining the best elements of several packages to 
satisfy a customer's special requirement. The knowledge and experience gained from such special designs provides the 
background for TRL to be able to react more quickly to future customer needs. 

A complete list of available packages and their modified versions is listed in Table 1 . 

Custom Design Procedure 

Normal procedure in industry seems to be for the circuit design engineer to try to use standard data sheet devices to 
develop the prototype circuits. This approach usually works satisfactorily except that it normally does not take full 
advantage of the possibility of merging the electrical capability of the device with the best packaging approach. The 
TRL engineering team is well versed in all of the packages in Table I and all of the standard data sheet devices in this 
catalog. It is to the design engineer's advantage to pick out the electrical parameters needed in a particular design slot, 
assume that the “device" will go in any package, and then contact Tl for special samples. If there is a problem with chip 
size versus package, the TRL engineer will work with you toward the most equitable solution. Samples can then be 
supplied in as little as two days. 
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TABLE I 

The following table lists the power packages available from the Technical Response Lab. If the package is a standard 
package, a JEDEC registration number which depicts its outline is listed for reference if such a designation has been 
assigned. For packages not shown on data sheets in this book, the outline is shown at the end of this section. 


CASE TYPE 

SEE DATA SHEET FOR OUTLINE 

VERSIONS AVAILABLE 

TO-3 

2N5157 

Moly mounting pad 

Eight-lead 

Non-magnetic 

60-mil emitter pin 

150-mil emitter pin 

TO-5 

2N3418 

Isolated 

Coined-header 



Thermoslug 

TO -8 

See Figure 1 

Copper-clad steel 

TO- 18 

TIC35 

Coined header 

TO-33 

2N5390 

Thermoslug 

Coined header 

TO-36/TO-67 

See Figure 2 

Cold weld 

TO-37 

See Figure 3 

Coined header 

TO-39 

2N5151 

Coined header 

TO-46 

See Figure 4 

Coined header 

TO-59 

2N5003 

Isolated collector 

Hot collector 
"Short” stud 

TO-60 

See Figure 5 

Isolated collector 

Tl Outline ZZZZ 

2N5938 

"Short" stud 

Isolated collector 

TO-61 

2N4301 

Hot collector 


2N6127 

Isolated Collector 

TO-62 

See Figure 6 

Hot collector 

TO-63 

2N4002 

Hot collector 

Isolated collector 

60-mil emitter post 

TO -66 

2N3583 

Non-magnetic 

Moly mounting pad 

TO-81 

See Figure 7 

Cold weld 

TO-82 

See Figure 8 

Cold weld 

TO-111 

2 N 3998 

Hot collector 


2N3996 

Isolated collector 

TO-114 

TIXP547 

Hot collector 

TO-121 

See Figure 9 

AI 2 O 3 

BeO 

Tl Outline 5G 

See Figure 10 

Totally non magnetic 
< 0.1 gamma at 1 / 2 " 

Lead configuration optional 

Tl Outline DDD 

2N3551 

BeO 

AI 2 O 3 

Cold weld 

Tl Outline QQ 

2N3263 

Cold weld 
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TECHNICAL RESPONSE LAB 



ALL JEDEC TO-8 DIMENSIONS AND NOTES ARE APPLICABLE ALL JEDEC TO-67 DIMENSIONS AND NOTES ARE APPLICABLE 

LEAD 3 IS IN ELECTRICAL CONTACT WITH THE CASE ALL DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 

ALL DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 

NOTE: TO-36 falls within these specifications. 


FIGURE 1-OUTLINE TO-8 


FIGURE 2-OUTLINE TO-67 
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TECHNICAL RESPONSE LAB 



ALL JEDEC TO-60 DIMENSIONS AND NOTES ARE APPLICABLE 
ALL TERMINALS ARE INSULATED FROM THE CASE 
ALL DIMENSIONS ARE IN 'NCHES 



TERMINAL 3 IS IN ELECTRICAL CONTACT WITH THE CASE 

ALL DIMENSIONS ARE IN INCHES 


FIGURE 5-OUTLINE TO-60 


FIGURE 6-OUTLINE TO-62 



ALL JEDEC TO-81 DIMENSIONS AND NOTES ARE APPLICABLE 
ALL DIMENSIONS ARE IN INCHES 


ALL JEDEC TO-82 DIMENSIONS AND NOTES ARE APPLICABLE 
ALL DIMENSIONS ARE IN INCHES 


FIGURE 7-OUTLINE TO-81 


FIGURE 8-OUTLINE TO-82 
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POWER FUNCTIONS 


GENERAL 

A power function is a package of active and passive components able to perform a specified function requiring power 
transistors or thyristors. Thick-film circuits or printed circuit boards are used to achieve a cost-effective package to 
meet "black box" specifications. In most cases, power functions require heat sinks. Therefore, size and weight are not 
as important as for monolithic integrated circuits. 

Texas Instruments manufactures a standard line of power functions: 

Amplifiers 

Inverters 

Parallel Transistor Assemblies 

Regulators 

Relays 

Surge Protectors 

In addition to the standard line, Tl makes custom power functions which are variations of the standard line. Custom 
power functions may also require completely new approaches involving Tl experience in power semiconductor 
technology. 
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mechanical data 


description 

The TIXH601 amplifier is designed primarily for high- 
fidelity stereo systems, musical instruments, and other 
audio equipment. All necessary capacitors are supplied 
within the package. The amplifier uses a comple- 
mentary-symmetry class-B output circuit with com- 
mutating diodes. 


SOLID-STATE TYPE TIXH601 

POWER FUNCTIONS AUDIO POWER AMPLIFIER 


100-Watt RMS Power Output into 8 Ohms 
25-Hz to 25-kHz Bandwidth at 80-W RMS Output 
No External Feedback Components Required 


- POINT OF CASE TEMPERATURE MEASUREMENT 


SUPPLY CURRENT 


0.105 
0.095 
6 PLACES 


150 

-J 

4.195 

0.115 4175 

* 0.105 

_ 2 PLACES 




J 



; , 1 . 7 c 

! 1 _ 

1 l 

) 

iM 3 4 5 6 
tp qi a a a a 

w 

^ i.6s 

0.855 

0.845 

[ 

1 

— 

1.775 

1.725 1 m 9-?.10 

" * 0.190 

_0.PS 

S DIA 


0087 
0.080 
4 PLACES 


\^^aioo * ' 

t || 6 PLACES/ 

IMF 

0.445 

f 0.225 

1 r 0.175 

* 1 

- — x R 


" 1 

-i 

0.285-1 ! 

0.265 

1.450 ** 

3.705 1 

3.695 

4.505 MAX 

1 t 

0.405 

0.395 


t 0.017 
0.013 


ALL DIMENSIONS ARE IN INCHES 


APPROXIMATE WEIGHT IS 110 g = 3.8 o; 


TERMINAL FUNCTION 

1 SUPPLY VOLTAGE V C C+ 

2 OUTPUT 

3 GROUND 

4 NONINVERTING INPUT 

5 INVERTING INPUT 

6 SUPPLY VOLTAGE V C C- 


absolute maximum ratings over operating case temperature range (unless otherwise noted) 


Supply Voltage Vcc+ (See Note 1 ) 45 V 

Supply Voltage VcC— (See Note 1) —45 V 

Terminal-to-Case Voltage ±500 V 

Peak Input Voltage (See Note 1) ±2 V 

Peak Output Current ±7 A 

Power Dissipation at (or below) 50°C Case Temperature (See Note 2) 100 W 

Power Dissipation at 85°C Case Temperature 65 W 

Power Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) 15 W 

Operating Case Temperature Range — 25° C to 85°C 

Storage Temperature Range — 25° C to 85°C 

Terminal Temperature 1/8 inch from Case for 5 Seconds 260°C 


NOTES: 1. Voltage values are with respect to device ground terminal. 

2. Derate linearly to 65 W at 85° C case temperature at the rate of 1 W/°C. 

3. Derate linearly to 85°C free-air temperature at the rate of 0.25 W/°C. 


TENTATIVE DATA SHEET 

This document provides tentative information 
on a product in the developmental stage. Texas 
Instruments reserves the right to change or 
discontinue this product without notice. 
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TYPE TIXH601 

BULLETIN NO. DL-S 7111644, DECEMBER 1971 



TYPE TIXH601 

AUDIO POWER AMPLIFIER 


electrical characteristics at 25° C case temperature (see figure 1) 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Ay Voltage Amplification 

P Q = 80 W. f = 1 kHz 

80 100 


P Q = 100 W, f = 1 kHz 

80 

*3db Cutoff Frequency 

Lower 

P 0 = 1 w 

10 

Hz 

Upper 

100 

kHz 

Lower 

P 0 = 80 W 

25 

Hz 

Upper 

25 

kHz 

THD Total Harmonic Distortion (See Note 4) 

P Q =1W ( f = 1 kHz 

0.2% 0.5% 


P Q = 80 W, f = 1 kHz 

0.6% 

P Q = 100 W, f = 1 kHz 

1% 

Vq Output Voltage 

Input open or shorted 

±5 

mV 

Zj Input Impedance 

f = 1 kHz 

20 

kto 


NOTE 4: The quiescent supply current Iqq should be adjusted for minimum crossover distortion which will occur typically at 35 mA. 


PARAMETER MEASUREMENT INFORMATION 


V C C+ = 44 V 



FIGURE 1 
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SOLID-STATE 


TYPE TIXH602 


POWER FUNCTIONS 


LINEAR POWER AMPLIFIER 


I • Up to 100-Watt Power Output 

I • 7-A Peak Load Current 

I •No External 

description 

The TIXH602 is designed primarily for servo 
applications using output current feedback. The 
amplifier uses a complementary-symmetry class-B 
output curcuit designed to be operated from a split 
power supply. All necessary capacitors are supplied 
within the package. 

mechanical data 



absolute maximum ratings over operating case temperature range (unless otherwise noted) 




Supply Voltage Vcc+ (See Note 1 ) 40 V 

Supply Voltage VcC— (See Note 1) —40 V 

Terminal-to-Case Voltage ±500 V 

Peak Input Voltage (See Note 1) ±2 V 

Peak Output Current . ±7 A 

Power Dissipation at (or below) 50°C Case Temperature (See Note 2) 100 W 

Power Dissipation at 85°C Case Temperature 65 W 

Power Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) 15 W 

Operating Case Temperature Range — 25° C to 85°C 

Storage Temperature Range — 25° C to 85° C 

Terminal Temperature 1/8 Inch from Case for 5 Seconds 260°C 


NOTES: 1. Voltage values are with respect to device ground terminal. 

2. Derate linearly to 65 W at 85°C case temperature at the rate of 1 W/°C. 

3. Derate linearly to 85°C free-air temperature at the rate of 0.25 W/°C. 


TENTATIVE DATA SHEET 

This document provides tentative information 
on a product in the developmental stage. Texas 
Instruments reserves the right to change or 
discontinue this product without notice. 
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TYPE TIXH602 

BULLETIN NO. DL-S 7111645, DECEMBER 1971 




TYPE TIXH602 

LINEAR POWER AMPLIFIER 


electrical characteristics at 25° C case temperature (see figure 1) 


PARAMETER 

TEST CONDITIONS* 

MIN TYP MAX 

UNIT 

Iq D-C Output Current 

< 

CD 

II 

o 

o 

00 

o 

CM 

mA 

V G = 3 V 

2.9 3.1 

A 

V G = -3 V 

-2.9 -3.1 

Iqm Peak Output Current 

VGM = 6V, f = 5 kHz 

5.8 6.2 

A 

9 Phase Shift 

Vqm = 6V, f = 5 kHz 

10° 


THD Total Harmonic Distortion 

V GM = 6 V, f = 1 kHz 

1% 



*v G is d-c source voltage, Vqm is the peak value of a-c source voltage. 


PARAMETER MEASUREMENT INFORMATION 


V C C+ = 40 V 
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SOLID-STATE 
POWER FUNCTIONS 


TYPES TIXH603, TIXH604 
POSITIVE, NEGATIVE VOLTAGE REGULATORS 


• Output Voltage Adjustable from 5 V to 30 V 

• Output Current up to 4 A 

• Input-to-Output Differential ... 2 V to 35 V 
description 

The TIXH603 and TIXH604 are solid-state adjustable 
voltage regulators featuring low minimum 
input-to-output voltage differential. Current limiting 
can be obtained with the use of an external resistor. 
The TIXH603 positive voltage regulator is designed 
for use in negative-ground systems; the TIXH604 
negative voltage regulator in positive-ground systems. 


mechanical data 



absolute maximum ratings over operating case temperature range (unless otherwise noted, see note 1) 


Input Voltage 40 V 

Input-to-Output Voltage Differential 40 V 

Terminal-to-Case Voltage ±500 V 

Output Current 4 A 

Power Dissipation at (or below) 50°C Case Temperature (See Note 2) 50 W 

Power Dissipation at 85° C Case Temperature 32.5 W 

Power Dissipation at (or below) 25° C Free-Air Temperature (See Note 3) 15 W 

Operating Case Temperature Range — 25° C to 85°C 

Terminal Temperature 1/8 Inch from Case for 5 Seconds 235°C 


NOTES: 1 . All voltage polarities shown apply for the positive voltage regulator type TIXH603. Reverse polarity for the TIXH604. 

2. Derate linearly to 32.5 W at 85°C case temperature at the rate of 0.5 W/°C. 

3. Derate linearly to 85°C free-air temperature at the rate of 250 W/°C. 


TENTATIVE DATA SHEET 

This document provides tentative information 
on a product in the developmental stage. Texas 
Instruments reserves the right to change or 
discontinue this product without notice. 
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TYPES TIXH603, TIXH604 

BULLETIN NO. DL-S 7111650, DECEMBER 1971 



TYPES TIXH603, TIXH604 

POSITIVE, NEGATIVE VOLTAGE REGULATORS 


electrical characteristics at 25°C case temperature (unless otherwise noted, see note 4) 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Input Regulation 

Iq = 1A, Vj = 7Vto10V 

0.2% 


Ripple Rejection 

Iq *= 5 mA, f = 50 Hz to 10 kHz 

45 60 

dB 

Load Regulation 

Vj = 7 V, Iq = 50 juA to 1 A 

0.5% 


Standby Current 

io = o 

20 

mA 

Average Temperature Coefficient of Output Voltage 

l 0 = 1 A, T C = 25° C to 85° C 

0.1 

%/°C 

Output Noise Voltage 

IO = 5mA, BW= 10 Hz to 1 MHz 

0.5 

mV 


NOTE 4: See Figure 1 . Unless otherwise specified, V| = 10 V, Vq = 5 V. 

DEFINITION OF TERMS 


Input Regulation The percentage change in the output voltage for a specified change in the input voltage. 

tV|(2) - VQi 


Input Regulation - 


VQ at V|(2) - Vp at V|(1 ) 
_ Vq at V | (1 ) _ 


100% 


Vo at V|(1) 

Ripple Rejection The ratio of the peak-to-peak input ripple voltage to the peak-to-peak output ripple voltage. 


Load Regulation The percentage change in the output voltage for a specified change in output current. 

Load Regulation = ± P 0 * '0(2) ~ VQ « '0(1)1 100 o /o 

L Voatlo(l) J 

where Iq( 1 ) and I ) (2) are the specified low and high current extremes, respectively. 


Standby Current The input current to the regulator with no output current and the V( re f) terminal open. 


Average Temperature Coefficient of Output Voltage (avo) The ratio of the change in output voltage expressed as a 
percentage to the change in temperature. This is an average value for the specified temperature range. 


aV0 


V 


Vq at Tc(2) — Vq at Tc(1) 
Vq at 25°C 


100 %__ 

TC(2)-TC(1) 


Output Noise Voltage The rms output noise voltage with a constant load and no input ripple. 


PARAMETER MEASUREMENT INFORMATION 


TIXH603 


v i -5- 


I v/V- 

-1- Rsc 1 " 


t 


'O 


Vo 


TIXH604 


Rl v, 4- 


L_ — yy,-il 

R SC t 


I 


»0 


Vo 


| r l 


1 o can be limited by an external resistor. Rgc * 


'Odimit) 


FIGURE 1 
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SOLID-STATE 
POWER FUNCTIONS 


TYPE TIXH701 
HIGH-CURRENT SWITCH 


• 75-A Continuous Collector Current 

• VcE(sat) < 13 V at lc = 75 A, Ib = 7.5 A 

• 300 Watts at 25° C Case Temperature 


I description 

The TIXH701 is a high-current complimentary-sym- 
metry power stage which is well suited for use in 
frequency-regulated inverters or dc-to-dc converters. 
The commutating diodes are included in the package 
for operation with inductive loads. 

mechanical data 



- POINT OF CASE TEMPERATURE MEASUREMENT 
4.195 




EQUIVALENT 

CIRCUIT 


ALL DIMENSIONS ARE IN INCHES 


APPROXIMATE WEIGHT IS 
150 g = 5.3 oz 



absolute maximum ratings over operating case temperature range (unless otherwise noted, see note 1) 


Terminal-to-Case Voltage ±500 V 

Co I lector- Base Voltage 100 V 

Collector-Emitter Voltage (See Note 2) 100 V 

Emitter-Base Voltage 5 V 

Continuous Collector Current 75 A 

Commutating-Diode Peak Current (t w < 300 jus. See Note 3) —75 A 

Continuous Base Current 10 A 

Safe Operating Area at (or below) 25°C Case Temperature See Figure 1 

Continuous Total Package Dissipation at (or below) 25°C Case Temperature (See Note 4) 300 W 

Unclamped Inductive Load Energy (See Note 5) 90 mJ 

Operating Case and Storage Temperature Range — 25° C to 85°C 

Terminal Temperature 1/8 Inch from Case for 5 Seconds 260°C 


NOTES: 1. Throughout this data sheet current and voltage polarities are shown for the n-p-n switch. These are reversed for the p-n-p switch. 

2. This value applies when the base-emitter diode is open-circuited. 

3. This applies to the total collector-terminal current when the collector is at negative potential with respect to the emitter. 

4. Derate linearly to 120 W at 85 C case temperature at the rate of 3 W/°C. Power may be divided between the two switches in any 
proportion subject to the limitations of the Maximum Safe Operating Area, Figure 1 . 

5. This rating is based on the capability of each switch to operate safely in the undamped-inductive load circuit of Section 3.2 of the 
forthcoming JEDEC publication Suggested Standards on Power Transistors. $. L = 20mH, Rbbi = 20S T R BB2 =10on ' 
V BB1 = 10 V, V B B2 = 0 v « r L = 0 2 V CC = 10 v ' 'cm = 3 A - Energy « l c 2 L/2. 

$This circuit appears on page 5-1 of this data book. 
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TENTATIVE DATA SHEET 

This document provides tentative information 
on a product in the developmental stage. Texas 
Instruments reserves the right to change or 
discontinue this product without notice. 
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TYPE TIXH701 

BULLETIN NO. DL-S 7111640, DECEMBER 1971 




TYPE TIXH701 
HIGH-CURRENT SWITCH 
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electrical characteristics of each switch at 25°C case temperature (see note 1 ) 


PARAMETER 

TEST CONDITIONS 

MIN MAX 

UNIT 

V(bR)CEO Collector-Emitter Breakdown Voltage 

Iq = 30 mA, 1 b = 0, 

See Note 6 

100 

V 

ICES Collector Cutoff Current 

v C e = ioov, V BE = 0 

3 

mA 

l E BO Emitter Cutoff Current 

Veb = 5V, IC = 0 

4 

mA 

hpE Static Forward Current T ransfer Ratio 

Vce = 4V » 10=75 A, 

See Notes 6 and 7 

10 


Vbe Base-Emitter Voltage 

l B = 7.5A, l C =75A, 

See Notes 6 and 7 

2 

V 

VcE(sat) Collector-Emitter Saturation Voltage 

l B = 7.5 A, l C = 75 A, 

See Notes 6 and 7 

1.3 

V 

VECF Commutating-Diode Forward Voltage 

l c = —75 A, l B = 0, 

See Notes 6 and 7 

1.8 

V 


NOTES: 1. Throughout this data sheet current and voltage polarities are shown for the n-p-n switch. These are reversed for the p-n-p switch. 

6. These parameters must be measured using pulse techniques. t w = 300 fis, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 
0.2 inch from the device body. 
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SOLID-STATE TYPE TIXH702 

POWER FUNCTIONS DUAL HIGH-CURRENT SWITCH 


• 25-A Continuous Collector Current 

• 400 V Collector-Base Voltage 

• 300 Watts at 25° C Case 

description 

The TIXH702 is a high-voltage power stage which can 
be utilized in many types of circuit applications 
operating from a rectified 115-volt a-c line. Typical 
examples include motor controls and frequency 
conversion systems. 

mechanical data 





EQUIVALENT 

CIRCUIT 



absolute maximum ratings over operating case temperature range (unless otherwise noted) 


Terminal-to-Case Voltage ±500 V 

Collector-Base Voltage 400 V 

Col lector- Emitter Voltage (See Note 1) 300 V 

Emitter-Base Voltage 5 V 

Continuous Collector Current 25 A 

Continuous Base Current 10 A 

Safe Operating Area at (or below) 25° C Case Temperature See Figure 2 

Continuous Total Package Dissipation at (or below) 25°C Case Temperature (See Note 2) 300 W 

Unclamped Inductive Load Energy (See Note 3) 90 mJ 

Operating Case and Storage Temperature Range — 25° C to 85°C 

Terminal Temperature 1/8 Inch from Case for 5 Seconds 260°C 



NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. Derate linearly to 120 W at 85°C case temperature at the rate of 3 W/°C. Power may be divided between the two switches in any 
proportion subject to the limitations of the Maximum Safe Operating Area Curve, Figure 2. 

3. This rating is based on the capability of each switch to operate safely in the undamped-inductive load circuit of Section 3.2 of 
the forthcoming JEDEC publication Suggested Standards on Power Transistors.t L=20mH, Rbbi = 20 12, R B b2 = 100 12, 
V bbI * 10V, V B B2 = 0 V, R L = 0.2 12, V cc = 10 V, l CM = 3 A. Energy « l c 2 L/2. 

$This circuit appears on page 5-1 of this data book. 


TENTATIVE DATA SHEET 

This document provides tentative information 
on a product in the developmental stage. Texas 
Instruments reserves the right to change or 
discontinue this product without hotice. 
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TYPE TIXH702 

BULLETIN NO. DL-S 7111652, DECEMBER 1971 



TYPE TIXH702 

DUAL HIGH-CURRENT SWITCH 


electrical characteristics at 25° C case temperature 


PARAMETER j 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

V(BR)CEO 

Collector-Emitter Breakdown Voltage 

Iq = 1 mA, 1(3 = 0, 

See Note 4 

300 

V 

•CBO 

Collector Cutoff Current 

V C b = 400V, l E = 0 

1 

mA 

•ebo 

Emitter Cutoff Current 

Veb = 5V, Iq = 0 

4 

mA 

h F E 

Static Forward Current Transfer Ratio 

Vce = 5V, Iq = 25 A, 

See Notes 4 and 5 

12 


v be 

Base-Emitter Voltage 

l B = 2.5 A, Iq = 25 A, 

See Notes 4 and 5 

4 

V 

VcE(sat) 

Collector-Emitter Saturation Voltage 

l B = 2.5A, Iq = 25A, 

See Notes 4 and 5 

3 

V 




NOTES: 4. These parameters must be measured using pulse techniques. t w = 300 ns, duty cycle < 2%. 

5. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.2 
inch from the device body. 
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SOLID-STATE 
POWER FUNCTIONS 


• For High-Gain Complementary Push-Pull Stages 

• 50-A Continuous Collector Current 

• VcE(sat) < 2.5 V at lc = 50 A, Ib = 0.25 A 

• 300 Watts at 25° C Case Temperature 


description 


The TIXH703 is a high-current complementary- 
symmetry power stage which features extremely high 
gain. The low drive-current requirements make this 
circuit very attractive for linear power applications. 


TYPE TIXH703 
DUAL HIGH-CURRENT SWITCH 



mechanical data 



EQUIVALENT 

CIRCUIT 



absolute maximum ratings over operating case temperature range (unless otherwise noted, see note 1) 


Terminal-to-Case Voltage ±500 V 

Collector-Base Voltage . 100 V 

Co I lector- Emitter Voltage (See Note 2) 100 V 

Emitter-Base Voltage 5 V 

Continuous Collector Current 50 A 

Commutating-Diode Peak Current (t w < 300 ^s. See Note 3) 50 A 

Continuous Base Current 3 A 

Safe Operating Area at (or below) 25°C Case Temperature See Figure 2 

Continuous Total Package Dissipation at (or below) 25°C Case Temperature (See Note 4) 300 W 

Unclamped Inductive Load Energy (See Note 5) 90 mJ 

Operating Case and Storage Temperature Range — 25° C to 85°C 

Terminal Temperature 1/8 Inch from Case for 5 Seconds 260°C 


NOTES: 1. Throughout this data sheet current and voltage polarities are shown for the n-p-n portion. These are reversed for the p-n-p 
portion. 

2. This value applies when the base-emitter diode is open-circuited. 

3. This applies to the total collector-terminal current when the collector is at negative potential with respect to the emitter. 

4. Derate linearly to 120 W at 85°C case temperature at the rate of 3 W/°C. Power may be divided between the two switches in any 
proportion subject to the limitations of the Maximum Safe Operating Area, Figure 2. 

5. This rating is based on the capability of each switch to operate safely in the undamped-inductive load circuit of Section 3.2 of the 
forthcoming JEDEC publication Suggested Standards on Power Transistors, t L = 20mH, R BB -|=20£2, R BB2 = 100 12, 
VbbI = 1° V, V BB 2 = 0 V, R l = 0.2 12, V CC = 1 0 V, I CM = 3 A. Energy * l c 2 L/2. 

_$This circuit appears on page 5-1 of this data book. 


TENTATIVE DATA SHEET 

This document provides tentative information 
op a product in the developmental stage. Texas 
Instruments reserves the right to change or 
discontinue this product without notice. 


Texas Instruments 

INCORPORATED 

POST OFFICE SOX 5012 • DALLAS, TEXAS 75222 


9-13 


TYPE TIXH703 
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TYPE TIXH703 

DUAL HIGH-CURRENT SWITCH 


electrical characteristics at 25°C case temperature (see note 1) 


PARAMETER 1 

TEST CONDITIONS 

MIN 

MAX 

UNIT 

V(BR)CEO 

Collector-Emitter Breakdown Voltage 

• C ~ 30 mA, l B = 0, 

See Note 6 

100 

V 

»ces 

Collector Cutoff Current 

V CE = 100V, V BE = 0 

1 

mA 

'ebo 

Emitter Cutoff Current 

V EB = 5V, l C = 0 

10 

mA 

h FE 

Static Forward Current Transfer Ratio 

VcE= 4V, l C =50A, 

See Notes 6 and 7 

1000 


V BE 

Base-Emitter Voltage 

l B = 0.25 A, l C =50A, 

See Notes 6 and 7 

3 

V 

Vce (sat) 

Collector-Emitter Saturation Voltage 

l B = 0.25 A, l C =50A, 

See Notes 6 and 7 

2.5 

V 

V ECF 

Commutating-Diode Forward Voltage 

l c = —50 A, l B = 0, 

See Notes 6 and 7 

1.8 

V 


NOTES: 1. Throughout this data sheet current and voltage polarities are shown for the n-p-n portion. These are reversed for the p-n-p 
portion. 

6. These parameters must be measured using pulse techniques. t w = 300 jus, duty cycle < 2%. 

7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts and located within 0.2 
inch from the device body. 


TYPICAL CHARACTERISTICS 


MAXIMUM SAFE OPERATING AREA 


STATIC FORWARD CURRENT TRANSFER RATIO 


vs 



10 20 40 70 100 


MAXIMUM COLLECTOR CURRENT 


vs 



2 4 7 10 20 40 70100 200 


Iq— C ollector Current-A 

FIGURE 1 


Vce— C ollector-Emitter Voltage— V 

FIGURE 2 
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SOLID-STATE TYPE TIXH704 

POWER FUNCTIONS TRANSIENT VOLTAGE PROTECTOR 


• Typical Dynamic Impedance ... 0.1 12 

• Clamp Voltage ... 23 V 

• Peak Reverse Current ... 40 A 

description 

The T1XH704 is designed to suppress voltage tran- 
sients having a high energy content. In case of a 
severe transient, the TIXH704 will short circuit 
thereby tripping the system's circuit breaker or 
blowing the fuse while still protecting the entire 
system. 

mechanical data 





EQUIVALENT 

CIRCUIT 

TERMINAL 

9 


6 

CASE 


absolute maximum ratings over operating temperature range (unless otherwise noted) 


Continuous Forward Current 4 A 

Continuous Reverse Current 2 A 

Peak Forward Current (One 60-Hz Half Sine Wave) 10 A 

Peak Reverse Current (One 60-Hz Half Sine Wave) 40 A 

Average Power Dissipation at (or below) 85°C Case Temperature (See Note 1 ) 40 W 

Continuous Power Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 2.4 W 

Operating Case Temperature Range — 25° C to 85°C 

Storage Temperature Range — 25° C to 85°C 

Terminal Temperature 1/8 Inch from Case for 5 Seconds 260°C 



NOTES: 1 . This value applies for a maximum averaging time of 150 ms. 

2. Derate linearly to 85°C free-air temperature at the rate of 40 mW/°C. 
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TYPE TIXH704 

BULLETIN NO. DL-S 7111657, DECEMBER 1971 




TYPE TIXH704 

TRANSIENT VOLTAGE PROTECTOR 


electrical characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

Vz Regulator Voltage 

IZ = 20 mA 

See Figure 1 

20 23 25 

V 

l Z = 35 A 

30 

V 

Ir Reverse Current 

V R = 18 V 

0.1 

mA 

Vp Forward Voltage 

Ip = 1 A 

2 

V 


PARAMETER MEASUREMENT INFORMATION 


SINGLE PULSE 




FIGURE 1 
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TYPES TIXH801. TIXH802 
AC RELAYS 


SOLID-STATE 
POWER FUNCTIONS 


• SPST (Normally Open) 

• 8 A, 200 V (TIXH801) 

25 A, 200 V (TIXH802) 

• Optically-Coupled Isolation between Control and Load Circuits 

• Turn-On Only at a Line Voltage Zero-Crossing Point 

description 

The TIXH801 and TIXH802 a-c relays can be driven 
directly by standard DTL or TTL integrated circuits. 

They provide optically-coupled isolation between 
control circuitry and the power system. Zero-voltage 
switching minimizes RFI generated during load current 
turn-on. Absence of electro-mechanical components 
provides higher speed and eliminates contact wear and 
arcing. 




mechanical data 



TERMINAL 

1 

2 

3,4 


FUNCTION 
POSITIVE INPUT 
NEGATIVE INPUT 
OUTPUT 


absolute maximum ratings over operating case temperature range (unless otherwise noted) 



TIXH801 TIXH802 

Input Diode Reverse Voltage *+ 3 V ► 

Repetitive Peak Off- State Output Voltage *+ ±200 V ► 

Input-to-Output Voltage ** ±600 V ► 

Terminal -to-Case Voltage * ±600 V ► 

Input Diode Continuous Forward Current at (or below) 25° C Case Temperature (See Note 1) . 60 mA 60 mA 

Full-Cycle RMS On-State Current at (or below) 85°C Case Temperature 8 A 25 A 

Peak On-State Surge Current (See Note 2) ±80 A ±175 A 

Operating Case Temperature Range — 25° C to 85° C 

Storage Temperature Range — 25°C to 85° C 

Terminal Temperature 1/8 Inch from Case for 5 Seconds ^ 260°C ► 

NOTES: 1. Derate linearly to 85° C case temperature at the rate of 1 mA/°C. 


2. These values apply for one 60-Hz full sine wave when the device is operating at (or below) the rated value of on-state current. 
Surge may be repeated after 100 ms. 
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TYPES TIXH801, TIXH802 

BULLETIN NO. DL-S 7111658, DECEMBER 1971 




TYPES TIXH801, TIXH802 
AC RELAYS 


electrical characteristics at 25° C case temperature (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TIXH801 

TIXH802 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

Input Voltage for 
l(off) output in Off-State 


0.4 

0.4 

V 

Input Current for 
on Output in On-State 


10 

10 

mA 

V| Input Voltage 

l| = 10 mA 

1.2 1.5 

1.2 1.5 

V 

Repetitive Peak Off -State 
' DRM Current 

V| = 0.4 V, V 0 = ±200 V 

±3.5 

±5 

mA 

Output Voltage 

VJ 

at Turn-On 

See Figure 1 

±10 

±10 

V 

Peak On-State Output 

Vtm 

1 ,VI Voltage 

l| = 10 mA, 1 jm = ±12 A 

See Note 3 

±2.5 


V 

1 1 — 1 0 mA, IjM = ±25 A 


±2.5 

Critical Rate of Rise 

dv/dt of Off-State Voltage 
(Exponential) 

V DRM = ±200 V, V, = 0, T C = 85° C 

500 

500 

V/ms 

Rjn-out Isolation, Input-to-Output 

Vjn_out = ±1 kV, See Note 4 

>109 

>10 & 

ft 

Capacitance, 
in-out | n p Ut _ to _Output 

V'm-out “ 0 V, f = 1 MHz, See Note 4 

30 

30 

pF 


NOTES: 3. This parameter is measured using voltage-sensing contacts separate from the current-carrying contacts and located within 0.2 
inch from the device body. 

4. This parameter is measured between both input terminals shorted together and both output terminals shorted together. 


PARAMETER MEASUREMENT INFORMATION 



FIGURE 1 
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TYPES TIXH803, TIXH804 
POSITIVE-GROUND AND 
NEGATIVE-GROUND DC RELAYS 


SOLID-STATE 
POWER FUNCTIONS 


• SPST (Normally Open) 80 V, 10 A 

• Optical Isolation between Control and Load Circuit 


• Short-Circuit Protected 

[description 

The TIXH803 and TIXH804 are designed to be 
driven directly from standard DTL and TTL 
integrated circuits. These relays provide isolation 
between control circuitry and power systems. The out- 
put may be short-circuited to ground without damage 
to the relay. The relay automatically senses the short 
circuit, shuts off, and resets on the next input pulse 
after the short is removed. The TIXH803 is designed 
for use in negative-ground systems; the TIXH804 in 
positive-ground systems, 
mechanical data 




ALL DIMENSIONS ARE IN INCHES 


WEIGHT « 52 g = 1.8 


TERMINAL 

1 

2 

3 

4 

5 


FUNCTION 

OUTPUT 

SUPPLY VOLTAGE, V CC 
POSITIVE INPUT 
NEGATIVE INPUT 
GROUND 


absolute maximum ratings over operating case temperature range (unless otherwise noted) 


Input- to-Output Voltage ±500 V 

Terminal-to-Case Voltage ±500 V 

Supply Voltage, Vqc 80 V 

Input-Diode Reverse Voltage 3 V 

Input-Diode Continuous Forward Current at (or below) 25°C Case Temperature (See Note 1 ) 60 mA 

Continuous On-State Output Current at (or below) 85°C Case Temperature 10 A 

Inductive Energy during Turn-Off (See Note 2) 100 mJ 

Operating Case Temperature Range — 25 C to 85 C 

Storage Temperature Range — 25°C to 85°C 

Terminal Temperature 1/8 Inch from Case for 5 Seconds 260 C 



NOTES: 1. Derate linearly to 85° C case temperature at the rate of 1 mA/°C. 

2. This rating is based on the capability of the relays to turn off a load of 0.2 £1 and 20 mH operating from a supply voltage of 10 V 
at a current of 3.2 A. 


recommended operating conditions 


MIN MAX UNIT 

Supply Voltage, Vqc 10 50 V 

Operating Case Temperature, Tq —25 85 C 
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TYPES TIXH803, TIXH804 

BULLETIN NO. DL-S 7111651, DECEMBER 1971 



TYPES TIXH803, TIXH804 
POSITIVE-GROUND AND 
NEGATIVE-GROUND DC RELAYS 


electrical characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

^ 1 (off) Maximum Input Voltage for Output Off 


0.4 

V 

* 1 (on) Minimum 1 nput Current for Output On 


10 

mA 

V| Input Voltage 

l| - 10mA 

1.2 1.5 

V 

*0(off) Off-State Output Current 

V| = 0.4 V, V CC = 80 V, R L = 10kn 

1 

mA 

VcC“ v O Relay Voltage Drop 

Vcc = 10 V, l| = 10 mA, l 0 = 10 A, 

See Note 3 

2.5 

V 

ICC(off) Standby Supply Current 

V| = 0, V C C = 80 V, Rl = °° 

10 

mA 

•cc(on) On-State Supply Current 

1 1 = 1 0 mA, V C C = 80 V, R L = °° 

20 

mA 

Rjn-out Isolation, Input-to-Output 

Vjn-out = — 1 kV See Note 4 

10 11 

n 

Cjn-out Capacitance, Input-to-Output 

Vin-out=±1 kV f f = 1 MHz, 

See Note 4 

1 

pF 


NOTES: 3. This parameter is measured using voltage-sensing contacts separate from the current-carrying contacts and located within 0.125 
inches from the device body. 

4. These parameters are measured between both input terminals shorted together and the output. 

switching characteristics at 25° C case temperature 


PARAMETER 

TEST CONDITIONS 

TYPICAL 

UNIT 

Ion 

Turn-On Time 

Vcc = 80 V, RL = 8ft, l|(on) = 10mA, 

1.5 

jUS 

toff 

Turn-Off Time 

See Figure 1 

35 


PARAMETER MEASUREMENT INFORMATION 



Adjust amplitude of input 
pulse for 1 1 ( on ) = 10 mA 


INPUT 

0 


OUTPUT 




| f = 400 Hz 

ton -jw — i 

♦-toff 

i 


f 90% 

\ i 
\i 
\l 

1 0 % V 


TIXH803 TEST CIRCUIT 



TIXH804 TEST CIRCUIT 


TIXH803 VOLTAGE WAVEFORM 


Adjust amplitude of input 
pulse for 1 1 (on) - 10 mA 


100 /is 


K x ofi -H 


OUTPUT 




TIXH804 VOLTAGE WAVEFORM 


FIGURE 1-SWITCHING TIMES 
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SOLID-STATE 
POWER FUNCTIONS 


TYPE TIXH805 
HYBRID SWITCH 


1271 


200 A, 100 V 


• Protected Against: 

Short-Circuit Load 
Overheating 

• Operating Frequency ... DC to 4 kHz 



mechanical data 



-7.500+ 0 050- 


-8 500± 0.100- 



A SWITCH 2 FLOATING GROUND 
B LOGIC GROUND 
C LOGIC SUPPLY VOLTAGE 
D SWITCH 2 POSITIVE SUPPLY VOLTAGE 
E INHIBIT INPUT 1 
F LOGIC INPUT 2 

H SWITCH 1 NEGATIVE SUPPLY VOLTAGE 
J LOGIC INPUT 1 
K INHIBIT INPUT2 

L SWITCH 1 POSITIVE SUPPLY VOLTAGE 
M SWITCH 2 NEGATIVE SUPPLY VOLTAGE 
N SWITCH 1 FLOATING GROUND 


^10-32 NF-2B HEX NUT, 3/8 X 1/8 


(§1 ® 
0 

0 

| 

SWITCH 2 f+ Si 

output s_ J§ o.o o o o.o^o^o <0 

SWITCH 1 >1 bWoWoWc 


— 

h 

® © 

n 

output T-fln | A oooooooo 


EE 



L CASE GROUND 


description 



The TIXH805 hybrid switch is designed for precision power conversion equipment. The inputs can be driven by 
standard DTL and TTL integrated circuits. The TIXH805 contains two switches which may be connected together for a 
single push-pull output, or may be operated as two independent switches. It features optically coupled isolation 
between input circuitry and power system. Internal circuitry turns off each switch within approximately 10 
microseconds if its load is short-circuited. To ensure that the total current (operating and surge) does not exceed 
250 amperes within this time, the turn-on di/dt of the load current must be limited to 5 A/jus. Approximately 
25 milliseconds after turn-off caused by a short-circuit, the switch becomes operational again. Should the short-circuit 
still exist, the switch will turn off again and recycle at a frequency of approximately 40 hertz until the short-circuit 
condition is removed. Protection is also provided against overheating. The signal for this condition is fed into a Schmitt 
trigger, which, because of its hysteresis, ensures that the temperature recovers by a safe margin before operation 
resumes. 
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TYPE TIXH805 

BULLETIN NO. DL-S 7111659, DECEMBER 1971 



TYPE TIXH805 
HYBRID SWITCH 


description (continued) 

For operation in the push-pull mode, the logic and 
inhibit inputs of each side of the circuit are connect- 
ed together. This provides inhibit and blanking 
functions. A high level at either inhibit input holds 
the switch of the opposite side off without regard to 
the logic input. If both inhibit inputs are high, both 
switches are off thus avoiding "line shoot-through". 

A rising transition at an inhibit input blanks or delays 
the corresponding switch from turning on for approxi- 
mately five microseconds. This gives the switch that 
is on sufficient time to turn off before the other 
switch can turn on. For additional information on 
operation in the push-pull mode, see the typical 
application data section of this data sheet. 

For operation as two independent power switches, both inhibit inputs are connected to logic ground. A high level at a 
logic input turns that switch on; a low level turns it off. Inhibit and blocking functions are not used since they are not 
needed for independent operation. 

The hybrid switch enables construction of high-power-density, lightweight power-conversion equipment by eliminating 
large commutation capacitors necessary for SCR circuits. Due to the fast switching speed, a considerable weight 
decrease in filters can be achieved. The major applications for this device are dc-to-variable-ac inverters, switching 
regulators, and d-c choppers. 


FUNCTION TABLE 

logic input 1 connected to inhibit input 1 
logic input 2 connected to inhibit input 2 


INPUT 

1 

INPUT 

2 

SWITCH 

1 

SWITCH 

2 

L 

L 

off 

off 

H 

L 

on 

off 

L 

H 

off 

on 

H 

H 

off 

off 


H = high level, L = low level 


functional block diagram 



LOGIC 
INPUT 1 


INHIBIT 
INPUT 1 


INHIBIT 
INPUT 2 


LOGIC 
INPUT 2 



OUTPUT 

1 


OUTPUT 

2 


^. . . Dynamic input activated by a transition from a low level to a high level. 
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TYPE TIXH805 
HYBRID SWITCH 


absolute maximum ratings over operating case temperature range (unless otherwise noted) 


Logic Supply Voltage (See Note 1 ) 5.6 V 

Positive Supply Voltage, Each Switch (See Note 2) 5.6 V 

Negative Supply Voltage, Each Switch (See Note 2) —5.6 V 

Logic and Inhibit Input Voltages (See Note 1 ) 5 V 

Output Voltage (See Note 3) 100 V 

Peak Operating Output Current (See Note 4 200 A 

Rate of Rise of Output Current 5 A/jus 

Average Power Dissipation at (or below) 25° C Case Temperature (See Note 5) 500 W 

Operating Case Temperature Range — 40° C to 85° C 

Storage Temperature Range — 40° C to 85°C 

NOTES: 1. These voltages are with respect to the logic ground terminal. 


2. Supply voltages for each switch are with respect to the floating ground terminal of that switch. 

3. Output voltages are at the positive output terminal with respect to the negative output terminal of each switch. 

4. For pulses narrower than 1 ms derate according to Figure 3. For pulses wider than 1 ms the output current should be limited to 
120 A. 

5. Derate linearly to 140 W at 85°C case temperature at the rate of 6 W/°C. This value applies for a maximum averaging time of 
1 second. 


recommended operating conditions 

MIN MAX UNIT 

Logic Supply Voltage, Vcc 5 5.6 V 

Positive Supply Voltage, Each Switch, Vs+ 5 5.6 V 

Negative Supply Voltage, Each Switch, V§- —5 —5.6 V 

Operating Case Temperature Range —40 85 °C 


electrical characteristics at 25°C case temperature (unless otherwise noted, see figure 1) 


PARAMETER 

TEST CONDITIONS 

MIN MAX 

UNIT 

V | u High-Level Input Voltage 


2 

V 

V|[_ Low-Level Input Voltage 


0.8 

V 

l| Input Current at Maximum Input Voltage 

Logic Inputs 

V| = 5 V 

1 

mA 

Inhibit Inputs 

2 

1 1 h High-Level Input Current 

Logic Inputs 

V, =2.4 V 

50 

juA 

Inhibit Inputs 

80 

l|L Low-Level Input Current 

Logic Inputs 

V, = 0.4 V 

-2 

mA 

Inhibit Inputs 

-3.2 

I 

•o(off) Off-State Output Current 

V| = 0.8 V, V O =100V, 

T C = 85°C 

10 

mA 

VoM(on) Pea k On-State Voltage 

Vj = 2 V, l 0 M = 200A, 

f = 400 Hz, t w = 100 ms 

2.6 

V 

ICC Logic Supply Current 

V C C = 5.5 V 

0.2 

A 

*SM+ Peak Positive Supply Current, Either Switch 

V S+ = 5.5 V 

15 

A 

*S(AV)— Avera 9 e Negative Supply Current, Either Switch 

V S _ = -5.5 V 

-3 

A 


thermal characteristics 


j PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

r 0CA 

Case-to-Ambient Thermal Resistance 

Free-Air 

1 

°c/w 

Forced-Air Cooling, 35 ft^/min, 50 Ib/in^ 

0.2 

T C 

Thermal Time Constant of Case 


8 

min 
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TYPE TIXH805 
HYBRID SWITCH 


PARAMETER MEASUREMENT INFORMATION 


SWITCH 1 
SUPPLY 


/t'S 



SWITCH 2 
SUPPLY 


SWITCH 2 
FLOATING GND 


SWITCH 1 
OUTPUT 


SWITCH 2 
OUTPUT 


FIGURE 1 


TYPICAL APPLICATION DATA 


THERMAL INFORMATION 


push-pull configuration 


The switches are able to turn off current with a di/dt 
of 60A//us. This results in high voltage spikes with 
peaks equal to L • di/dt with very small values of line 
inductance. Therefore, the line connecting the 
commutating capacitors (Cc) must have an 
inductance less than 0.05 juH, whereas the load 
inductance can be fairly high. 



The commutating capacitors should be selected 
according to: 


Cc = i hi f icomdt 

NOTE: i com is the commutated current which charges the 
commutation capacitor an additional 10 V over the 
steady-state voltage. 

Because of the voltage spikes during commutation, 
the supply voltages have to be smaller than 50 volts so 
that the peak voltage during switching does not exceed 
100 volts. 


< 

I 


o 


a 

D 

O 

I 

o 


MAXIMUM OUTPUT CURRENT 
vs 



0 10 20 30 40 50 60 70 80 90 100 

Duty Cycle— % 


FIGURE 2 


FIGURE 3 
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SOLID-STATE 
POWER FUNCTIONS 


• 60 A, 400 V 

• Protected Against: 


Short-Circuit Load 


Overheating 

• Operating Frequency ... DC to 4 kHz 


TYPE TIXH806 
HYBRID SWITCH 



mechanical data 



A 

B 

C 

D 



SWITCH 2 FLOATING GROUND 

LOGIC GROUND 

LOGIC SUPPLY VOLTAGE 

SWITCH 2 POSITIVE SUPPLY VOLTAGE 

INHIBIT INPUT 1 

LOGIC INPUT 2 

SWITCH 1 NEGATIVE SUPPLY VOLTAGE 
LOGIC INPUT 1 
INHIBIT INPUT 2 

SWITCH 1 POSITIVE SUPPLY VOLTAGE 
SWITCH 2 NEGATIVE SUPPLY VOLTAGE 
SWITCH 1 FLOATING GROUND 


description 



The TIXH806 hybrid switch is designed for precision power conversion equipment operated from rectified and roughly 
filtered 115-volt a-c lines. The inputs can be driven by standard DTL and TTL integrated circuits. The TIXH806 
contains two switches which may be connected together for a single push-pull output, or may be operated as two 
independent switches. It features optically coupled isolation between input circuitry and power system. Internal 
circuitry turns off each switch within approximately 10 microseconds if its load is short-circuited. To ensure that the 
total current (operating and surge) does not exceed 110 amperes within this time, the turn-on di/dt of the load current 
must be limited to 10 A/jus. Approximately 25 milliseconds after turn-off caused by a short-circuit, the switch becomes 
operational again. Should the short-circuit still exist, the switch will turn off again and recycle at a frequency of 
approximately 40 hertz until the short-circuit condition is removed. Protection is also provided against overheating. The 
signal for this condition is fed into a Schmitt trigger, which, because of its hysteresis, ensures that the temperature 
recovers by a safe margin before operation resumes. 
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TYPE TIXH806 

BULLETIN NO. DL-S 7111660, DECEMBER 1971 



TYPE TIXH806 
HYBRID SWITCH 


description (continued) 

For operation in the push-pull mode, the logic and 
inhibit inputs of each side of the circuit are connect- 
ed together. This provides inhibit and blanking 
functions. A high level at either inhibit input holds 
the switch of the opposite side off without regard to 
the logic input. If both inhibit inputs are high, both 
switches are off thus avoiding “line shoot-through". 

A rising transition at an inhibit input blanks or delays 
the corresponding switch from turning on for approxi- 
mately five microseconds. This gives the switch that 
is on sufficient time to turn off before the other 
switch can turn on. For additional information on 
operation in the push-pull mode, see the typical 
application data section of this data sheet. 

For operation as two independent power switches, both inhibit inputs are connected to logic ground. A high level at a 
logic input turns that switch on; a low level turns it off. Inhibit and blocking functions are not used since they are not 
needed for independent operation. 

The hybrid switch enables construction of high-power-density, lightweight power-conversion equipment by eliminating 
large commutation capacitors necessary for SCR circuits. Due to the fast switching speed, a considerable weight 
decrease in filters can be achieved. The major applications for this device are dc-to-variable-ac inverters, switching 
regulators, and d-c choppers. 

functional block diagram 


FUNCTION TABLE 

logic input 1 connected to inhibit input 1 
logic input 2 connected to inhibit input 2 


INPUT 

1 

INPUT 

2 

SWITCH 

1 

SWITCH 

2 

L 

L 

off 

off 

H 

L 

on 

off 

L 

H 

off 

on 

H 

H 

off 

off 


H = high level, L = low level 


LOGIC 
INPUT 1 


INHIBIT 
INPUT 1 


INHIBIT 
INPUT 2 


LOGIC 
INPUT 2 




Dynamic input activated by a transition from a low level to a high level. 


9-26 


Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 


1271 




TYPE TIXH806 
HYBRID SWITCH 


absolute maximum ratings over operating case temperature range (unless otherwise noted) 


Logic Supply Voltage (See Note 1) 5.6 V 

Positive Supply Voltage, Each Switch (See Note 2) 5.6 V 

Negative Supply Voltage, Each Switch (See Note 2) -5.6 V 

Logic and Inhibit Input Voltages (See Note 1) 5 V 

Output Voltage (See Note 3) 400 V 

Peak Output Current (See Note 4) 60 A 

Rate of Rise of Output Current 5 A//is 

Average Power Dissipation at (or below) 25°C Case Temperature (See Note 5) 500 W 

Operating Case Temperature Range — 40° C to 85°C 

Storage Temperature Range — 40° C to 85°C 


NOTES: 


1 . 

2 . 

3. 

4. 

5. 


These voltages are with respect to the logic ground terminal. 

Supply voltages for each switch lire with respect to the floating ground terminal of that switch. 

Output voltages are at the positive output terminal with respect to the negative output terminal of each switch. 

For pulses narrower than 1 ms derate according to Figure 3. For pulses wider than 1 ms the output current should be limited to 
35 A. 

Derate linearly to 140 W at 85°C case temperature at the rate of 6 W/°C. This value applies for a maximum averaging time of 
1 second. 


recommended operating conditions 


Logic Supply Voltage, VqC 

Positive Supply Voltage, Each Switch, Vs+ 
Negative Supply Voltage, Each Switch, V$— 
Operating Case Temperature Range . . . 


MIN MAX UNIT 

5 5.6 V 

5 5.6 V 

-5 -5.6 V 
-40 85 °C 


electrical characteristics at 25° C case temperature (unless otherwise noted, see figure 1) 


PARAMETER 

TEST CONDITIONS 

MIN MAX 

UNIT 

Vjh High-Level Input Voltage 


2 

V 

V|i_ Low-Levellnput Voltage 


0.8 

V 

1 1 1 nput Current at Maximum 1 nput Voltage 

Logic Inputs 

Vj = 5 V 

1 

mA 

Inhibit Inputs 

2 

1 1 1 -| High-Levell nput Current 

Logic Inputs 

V| = 2.4 V 

50 

MA 

Inhibit Inputs 

80 

IjL Low-Levellnput Current 

Logic Inputs 

V, = 0.4 V 

-2 

mA 

Inhibit Inputs 

-3.2 

iQ(off) Off-State Output Current 

V| = 0.8 V, V 0 = 400 V, 

T c = 85° C 

10 

mA 

VoM(on) Peak On-State Voltage 

V| = 2V, IoM = 6° a * 

f = 400 Hz, t w = 100 jus 

2.6 

V 

ICC Logic Supply Current 

V C C = 5.5V 

0.2 

A 

•SM+ Peak Positive Supply Current, Either Switch 

V S+ = 5.5 V 

2 

A 

IS(AV)— Average Negative Supply Current, Either Switch 

V S _ = -5.5 V 

-i 

A 


thermal characteristics 


S PARAMETER i 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

r 0CA 

Case-to-Ambient Thermal Resistance 

Free-Air 

1 

°C/W 

Forced-Air Cooling, 35 ft^/min, 50 Ib/in2 

0.2 

TC 

Thermal Time Constant of Case 


8 

min 
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TYPE TIXH806 
HYBRID SWITCH 


PARAMETER MEASUREMENT INFORMATION 


SWITCH 1 
SUPPLY 


SWITCH 1 
FLOATING GND 



SWITCH 2 
SUPPLY 


SWITCH 2 
FLOATING GND 


SWITCH 1 
OUTPUT 


SWITCH 2 
OUTPUT 


FIGURE 1 


TYPICAL APPLICATION DATA 


THERMAL INFORMATION 


push-pull configuration 


The switches are able to turn off current with a di/dt 
of 60 A/jus. This results in high voltage spikes with 
peaks equal to L • di/dt with very small values of line 
inductance. Therefore the line connecting the 
commutating capacitors (Cq) must have an 
inductance less than 0.05 juH, whereas the load 
inductance can be fairly high. 



The commutating capacitors should be selected 
according to: 


Cc 


— r 

10 V J 


•comdt 


NOTE: i com is the commutated current which charges the 
commutation capacitor an additional 10 V over the 
steady -state voltage. 


MAXIMUM OUTPUT CURRENT 
vs 



0 10 20 30 40 50 60 70 80 90 100 

Duty Cycle— % 


Because of the voltage spikes during commutation, 
the supply voltages have to be smaller than 200 volts 
so that the peak voltage during switching does not 
exceed 400 volts. 


FIGURE 2 


FIGURE 3 


-28 Texas Instruments 

INCORPORATED 


PRINTED IN U.S.A. 
Tl connot ossume ony responsibility for any circuits shown 
or represent that they are free from patent infringement. 


1271 


POST OFFICE BOX 5012 


DALLAS. TEXAS 75222 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 




Power Semiconductor 
Technology 





POWER SEMICONDUCTOR TECHNOLOGY 


TABLE OF CONTENTS 

SILICON POWER TRANSISTORS AND THYRISTORS 
Mesa versus Planar versus Glass-Mesa Designs 
Forward and Reverse Energy Considerations 

Summary of Advantages and Disadvantages of Various Technologies 
Chip-Mounting Techniques 
Lead-Bonding Techniques 
GERMANIUM POWER TRANSISTORS 
Alloy Design 
Diffused-Alloy Design 



Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 


10-1 




POWER SEMICONDUCTOR TECHNOLOGY 


TECHNOLOGY DISCUSSION 

SILICON POWER TRANSISTORS AND THYRISTORS 

Mesa versus Planar versus Glass-Mesa Designs 

Contemporary silicon power devices can be classified into two, broad, structurally different categories; planar and 
mesa. 

A typical double-diffused epitaxial planar transistor structure is shown in Figure 1. The P-N junctions are all 
formed by diffusion and passivated by the oxide (Si02). A typical mesa transistor structure is shown in Figure 2. 
In this illustration the emitter-base junction is of planar structure. The collector-base junction is formed by 
selectively etching the silicon into a mesa-like structure. The exposed junction is usually coated with some 
insulating substance to protect it from contamination, humidity, and other adverse environments. 

Typically, the planar structure is well -suited for higher frequency and faster switching. This is because the base 
width of the planar device can be made very narrow. 

For the same reason, however, the breakdown voltage rating is usually limited to only several hundred volts. The 
mesa structure, due to its process limitations, is generally used for lower frequency and moderate switching speed. 
It does allow higher voltage devices to be built, however. 

When operated under high-temperature conditions, the planar structure is generally the superior one. Through the 
intensive and fruitful effort in the advancement of the planar process, the oxide-silicon has become the best 
understood system in the semiconductor field. As a result, when the knowledge of planar technology is properly 
applied, planar devices with extremely low leakage current can be produced routinely and maintained with very 
high reliability. 

Even though, historically, the mesa devices were among the first devices developed, the passivation of the exposed 
junction has not been well understood. As a result, the leakage currents are moderately higher and less stable than 
those of the planar devices. The knowledge of the planar technology has impacted the improvement of mesa 
junction passivation quite strongly. The development of glass passivation has contributed significantly to the 
reduction of leakage currents and improvement in stability in mesa structures. A typical glass-passivated structure 
is shown in Figure 3. This glass-passivated device offers the advantages of both the mesa and planar structures. 
Once the glass is in place, the unit is sealed against the rigors of assembly and can even be dipped into liquid 
solder without damage. This advanced concept is used in many power transistors and thyristors manufactured by 
Texas Instruments. 
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FIGURE 1— PLANAR TRANSISTOR STRUCTURE 



FIGURE 2-MESA TRANSISTOR STRUCTURE 



FIGURE 3-GLASS-PASSIVATED STRUCTURE 


Forward and Reverse Energy Considerations 

A power transistor must be designed not only to meet specific electrical specifications, but also to withstand the 
circuit application power requirements. A device with low thermal resistance does not guarantee that the device 
will operate in the circuit application. The application may exceed the second breakdown limitations of the 
device. 



Transistors have two basic second breakdown modes. One mode is known as forward second breakdown and the 
other is reverse second breakdown. Forward second breakdown may occur when a device is operated in the 
amplifying mode. Most devices can handle more power in the low-voltage, high-current state than at the high- 
voltage, low-current condition. Second breakdown occurs when localized heating manifests itself in the emitter 
region. The cause for the "hot spot" is a non-uniform temperature profile across the emitter surface. 
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Because the VgE characteristic of a transistor has a negative temperature coefficient, the ''hot spot" area "hogs" 
the emitter current as the power is increased, thus leading to a thermal run-away condition. When the hotspot 
exceeds the eutectic temperature of the silicon-emitter-metal interface, the contact metal will diffuse through the 
emitter, causing a catastrophic failure. 

Designing the emitter geometry such that the thermal resistance over the entire emitter region is constant will 
improve the forward second breakdown characteristics of the devices. All the recently announced Tl power 
transistors utilize "isothermal" geometries to optimize the Safe Operating Area (SOA). 

Reverse second breakdown may occur in a transistor during the turn-off transient. If a transistor is used for 
inductive switching, the device must dissipate the energy of the inductor when switching from a conducting state 
to an off state unless a protective circuit is used. The maximum energy that a transistor can dissipate in this 
transient condition is known as reverse energy capability. The reverse energy capability of a transistor can be 
increased by several orders of magnitude by using the optimum collector thickness and resistivity profile. Texas 
Instruments has developed a proprietary empirical method for calculating the starting material collector profile 
required to produce devices with optimum reverse energy capability versus other desired parameters. 

Summary of Advantages and Disadvantages of Various Technologies 

Now that these different general structures and design ideas have been discussed, a listing of specif ic designs and 
their advantages and disadvantages is provided below for ready reference. 

Single-Diffused (Homogeneous-Base Mesa) 

Advantages 

• Excellent forward and reverse energy capability 

• Low manufacturing cost 
Disadvantages 

• Low switching speed — excessive power dissipated during switching applications. Large-area heat 
sink required 

• Very poor beta linearity versus collector current 

• Inherent junction instabilities of a mesa device 

• Requires at least 50% more silicon area for high-current performance 

• Not practical for use in hybrid functions since junctions need to be passivated after assembly 

• Complementary P-N-P type difficult to produce 
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Tl Single-Diffused II (glass-passivated epi-base) 

Advantages 

• Excellent forward and reverse energy capability 

• Low manufacturing cost 

• Planar type leakages and stabilities due to glass-passivated junctions 

• Faster switching speeds than homogeneous-base structure 

• Complementary P-N-P types readily available at low cost 

• No special processing required for utilization of chips in hybrid functions 

• More linear beta versus collector current than homogeneous-base structure 

• Less silicon required for high-current performance 
Disadvantages 

• Chip costs slightly higher due to additional slice processing 

Triple-Diffused Mesa 
Advantages 

• Moderate switching speeds 

• Good reverse energy capability 

• Moderate saturation resistance 

• High electrical yields 
Disadvantages 

• Mesa junction instabilities 

• Long-duration high-temperature diffusions required for collector 

• Chip must be passivated after being assembled to header 

• Exposed junctions are sensitive to ambient conditions during wafer electrical probe 



Texas Instruments 

INCORPORATED 


10-5 


POST OFFICE BOX 5012 . DALLAS, TEXAS 75222 



POWER SEMICONDUCTOR TECHNOLOGY 



10-6 


Tl Triple-Diffused Glass-Passivated Mesa 
Advantages 

• Moderate switching speeds 

• Good reverse energy capability 

• Moderate saturation resistance 

• High electrical yields 

• No passivation of junction required after assembly 

• Planar type leakage and stability due to glass-passivated junctions and N+ guard ring structure 

• No special processing required for use of chips in hybrid functions. 

• Wafer electrical probe can be set to tighter limits for high final test yields 

Disadvantages 

• Long-duration high-temperature diffusions required for collector 

Epitaxial Planar 
Advantages 

• Fast switching speeds 

• Excellent beta linearty versus collector current 

• Low junction leakage and excellent stability 

• P-N-P complement units are available 

• Low saturation resistance 

Disadvantages 

• Generally lower energy capability 

• Higher manufacturing costs 


Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 



POWER SEMICONDUCTOR TECHNOLOGY 


Tl Isothermal Epitaxial Planar Transistors 
Advantages 

• Fast switching speeds 

• Excellent beta linearity versus collector current 

• Low junction leakage and excellent stability 

• Good reverse and forward energy capability 

• P-N-P complements available 

• Low saturation resistance 
Disadvantages 

• Higher manufacturing costs 
Chip-Mounting Techniques 

Once the design of the silicon chip geometry has been achieved, the next problem to be addressed is how to 
assemble the unit. 

The majority of mounting systems for power transistors and thyristors fall into two major categories— "hard" 
and "soft" solders. The "hard"-solder systems are often made up of a molybdenum mounting platform with a 
gold-base preform used to alloy the chip to the molybdenum. The coefficient of expansion of molybdenum 
approximates that of silicon such that the stresses of temperature excursions are minimized. In the "soft"-solder 
system, a lead-base solder is used to mount the chip directly to a copper platform. In this system, the flexible 
nature of the solder absorbs the stresses of mismatch between the silicon chip and the upper platform during 
temperature cycling. Disagreements exist as to which system is best but as with many similar questions, the 
answer depends upon the end use of the product. Both systems have their advantages and disadvantages. The 
hard-solder systems do not perform under repeated high-current surges as well as the soft-solder systems, and the 
soft systems, unless carefully chosen, tend to work-fatigue. Texas Instruments uses both systems with success. 

Lead-Bonding Techniques 

In bonding, as in mounting, there are two ways in which most power transistors and thyristors are assembled. 

One method utilizes ultrasonic bonding of aluminum wire to the chip. The other technique is solder contact 
bonding. Again, each method has its advantages and disadvantages. When low volume and close control are 
available, the aluminum bond is very good, but the rugged solder contact method lends itself to volume 
production and is very readily process controlled. Texas Instruments uses both types of lead bonding methods in 
the construction of power transistors and thyristors, each serving the needs of the desired application. 
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GERMANIUM POWER TRANSISTORS 

Texas Instruments is a high-volume manufacturer of an extemely broad line of germanium transistors. Manufacturing 
capabilities in virtually all areas of germanium semiconductor technology permit the production of devices ranging from 
high-power (150 watts) to high-frequency (3 GHz) low-noise amplifiers. Programs in mechanization and automation 
extending back to the mid-1950's at the Dallas, Texas, Tl facility have permitted production of over 1,000,000,000 
germanium transistors to satisfy the market needs for large volumes of high-quality devices. 

During the assembly operations for germanium power devices, the collector portion of the element is mounted to the 
case (or header) to facilitate the transmittal of heat away from the element during the ultimate application of the 
device. After final surface treatment, the devices are hermetically sealed in a controlled, dry atmosphere. 

Alloy Design 

Germanium high-power and medium-power devices are available in P-N-P types which carry maximum ratings in 
the ranges of 180 volts, 25 amperes, and 150 watts. The majority of these devices are produced from alloy device 
elements and are particularly useful where low saturation voltage and high emitter-base breakdown voltage are 
important considerations. These devices are produced by alloying two (collector and emitter) dopant pellets, 
along with a base-contact ring, into a single-resistivity chip of germanium. This alloying operation is performed in 
a highly controlled-ambient atmosphere and temperature, in order to assure uniform functions in the devices. 

Diffused-Alloy Design 

A unique series of germanium power transistors is available in the JAN 2N1046 and 2N1908 devices. Their 
fabrication rechnique involved both alloying and diffusion technologies which produces devices that can operate at 
high frequencies («30 MHz), high current (^20 A) levels, and that are useful as high-frequency power amplifiers. 
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APPLICATION INFORMATION 
APPLICATION REPORT SUMMARY 


Introduction 

Listed in this section are several application reports pertaining to the use of power semiconductors. Section A is a listing 
of abstracts of application reports previously published by Texas Instruments. Reprints of the full reports may be 
obtained by writing Texas Instruments Inc., P.O. Box 5012, M.S. 308, Dallas, Texas 75222 

Section B contains a discussion of Safe Operating Areas and Secondary Breakdown Ratings of Power Transistors and 
Section C contains new application information covering Thermal Considerations in the use of Power Semiconductors. 


A. APPLICATION REPORT SUMMARY 


CA-66— SCR Switching Methods 

This report describes various techniques for switching SCR's. Topics covered include: Electrical Characteristics of 
SCR's, Turning on SCR's, Effect of loads on switching, Turning off SCR's, and specific SCR switching applications. 

CA-82— SCR Ring Counters 

This report discusses the design and application of ring counter circuits using SCR's to perform digital logic functions. 

CA-105— All Silicon 35-Watt Audio Power Amplifier 

This report describes an all silicon, low-cost power amplifier featuring a transformerless, direct-coupled, comple- 
mentary-symmetry, driver-output circuit. The class-AB output stage will deliver 35 watts rms (or 70 watts of peak 
power) into an 8-ohm load with a 55-volt supply. 

With 35 watts (rms) output power, the frequency response is —3 dB at 7.4 Hz and 91 kHz. Total harmonic distortion is 
less than 0.5% from 60 Hz to 17 kHz, and less than 1% from 37 Hz to 54 kHz. Sensitivity at 1000 Hz is less than 1 volt 
for full power output. 

CA-1 11— Low-Cost Solid-State Audio Amplifiers 

This report presents two applications of Tl's new low-cost, medium-power, silicon epitaxial base plastic transistors. 

The circuits described in this note are a 15-watt (rms) complementary-symmetry audio power amplifier which is 
direct-coupled throughout, and a 3-watt (rms) class-A automotive audio power amplifier which uses a P-N-P output 
device. 

Emphasis has been placed on obtaining a low-cost amplifier giving the maximum amount of output power possible from 
the device while using the minimum number of devices, holding the distortion to a reasonable level, and keeping the 
sensitivity compatable with typical amplifier requirements. 

CA-1 16A— Low-Cost Plastic Power Audio Amplifiers 

This report provides two examples of amplifier design (5 watts and 2.5 watts rms) using low-cost plastic single-diffused 
power transistors. Low-cost plastic power transistors are ideal components for use in the output stage of low-cost audio 
amplifiers. Excerpts from the subject data sheets are included. 
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CA-1 17— Low-Cost Plastic Power Drivers 

This report describes two similar approaches to the preliminary design of an 80-watt (rms) audio power amplifier using 
low-cost plastic power transistors. 

The first has a class-A driver stage and is suitable for a public address system. The other uses a slightly more 
complicated class-AB driver stage to obtain performance suitable for a high-quality music system. 

Discussion is centered around design consideration of the driver stage. 

CA-1 18— Economical Servo Control Amplifiers 

This note describes a simple, reliable version of a servo amplifier that is particularly economical due to its use of a type 
of plastic power output transistor which exhibits high gain, high-dissipation capability, and low saturation voltages. 

Devices used are single-diffused epitaxial-base plastic power transistors which are available in N-P-N and P-N-P polarities 
over a current range of one to 25 amperes. 

CA-1 19- Economical Reversable D-C Motor Control 

This report describes an economical solid-state circuit which regulates a single-polarity d-c power source to set the speed 
and direction of a reversible d-c motor, regardless of its shaft load (within the rating of the motor). 

CA-1 20- Econo mi cal Power Voltage Regulators 

In this report, an approach to output stage design is presented that is applicable to a wide variety of voltage regulators. 
Complete designs are presented and compared for a series-pass and a switching-mode regulator. 

CA-1 21 -Fan Motor Thermostatic Speed Control 

This report presents a thermostatic control circuit for two types of a-c motors suitable for air cooler, attic fans, and 
central air-conditioning blower motors. 

The advantage of this circuit is its use of a triac as the power-control element. The circuit requires no power other than 
line voltage but uses low-voltage connections to remote-control elements. 

A semiconductor thermistor (temperature-sensitive resistor) is the sensing element, and economical plastic transistors 
are used in the triac trigger circuit. 

CA-1 23- Low-Cost 400- Watt Converter 

This report discusses a converter with a saturating drive transformer and a non-saturating output transformer. 

This converter steps up d-c from 20 V to 1 10 V and drives loads as large as 400 watts. Because the critical parts of the 
circuit are the power transistors and two transformers, the specifications of these devices are crucial to the design 
procedure. 
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CA-1 26— Economical High-Voltage Converters 

This report describes the use of plastic-encapsulated single-diffused silicon power transistors in high-voltage converter 
applications. Two circuit concepts are discussed. The first one is a two-transistor converter using a single transformer 
for the drive and voltage-conversion function. 

The second circuit is a single transistor blocking-oscillator type, common to high-voltage energy-discharge systems. 

CA-1 37— Programmable Trigger Circuit for Triac Phase Control 

This report discusses the theory and applications of the phase-shift technique of a-c power control using triacs. In this 
control system, power delivered to the load is varied by changing the phase angle during which the triac is conducting. 

The designer may consider the basic circuit a universal building block which can be programmed for different 
applications by using different accessory networks. 

CA-1 38— Triac Triggering Techniques 

This report describes techniques to accomplish the triggering function and illustrates several different methods for 
controlling a-c power with triacs. 

A sample triac data sheet is appended, and the important ratings of several popular Tl triacs are tabulated. 

CA-1 41— Universal Driver for Audio Amplifiers 

This report describes a universal audio driver that, in conjunction with properly selected output transistors, can be 
made into an amplifier with an rms power capability of five watts to 50 watts. 

By using low-cost plastic-encapsulated transistors and the minimum number of components, the cost has been kept to a 
minimum. 


CA-1 42— Direct-Coupled Complementary 80-Watt Stereo Amplifier 

The 80-watt-per-channel stereo system described in this report is an economical design with excellent performance. All 
transistors used are low-cost plastic devices with proven reliability and performance. 


All the usual hi-fi inputs and equlization networks are provided. 


CA-1 59- Voltage Feedback Methods to Improve Audio Amplifier Designs 

This report examines the factors involved in utilizing voltage feedback, how these factors affect circuit performance, 
and how voltage feedback can best be employed to achieve the desired performance from an audio amplifier. 


Discussions concern expressions for open-loop, closed-loop, and variations of certain closed-loop parameters with 
feedback, as well as boot-strapping and the effect of compensation on closed-loop performance. 
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B. SAFE OPERATING AREAS FOR POWER TRANSISTORS 

The Safe Operating Area encloses all points representing simultaneous values of two variables which a transistor can 
safely handle under specified conditions. The majority of transistor applications can be reduced to one or more of the 
following operations: 

Forward-Biased Continuous Operation 
Pulsed Forward-Biased Operation 
Switching Between Saturation and Cutoff 
Each operation is discussed in reference to: 

Presentation 
Test Circuit 
Test Points 
Test Procedure 
Temperature Derating 

The maximum operating capability of each individual transistor is a complex function of lc, Vce» IB, Tc and t p . To 
characterize the full capability of a device would require an unreasonable number of test points. Therefore, it is 
necessary to simplify a rating and derating theory. No reference to the type of failure mode is made. 

FORWARD-BIASED CONTINUOUS OPERATION 

Presentation 

Figure 1 shows a Forward-Biased Continuous Safe Operating Area. For Vce ^ VcEl the total power dissipation 
Pj is limited by lc max- At increasing VcE the power dissipation capability of most transistors is decreasing 
gradually. Because the rate of decrease depends on the individual transistor, it is suggested to use Pj 3 for 
VcE2 < VCE < VcE3 and p T4 f or VcE3 < V CE < VcE4- 

For the area given in Figure 1, safe operation is assured with forward bias only (Ig is positive for npn transistors, 
negative for pnp transistors). High-current germanium transistors may have IcEO leakage currents of 1 A or more 
at high junction temperatures. It is not recommended to operate transistors continuously at currents smaller than 
ICEO except in a temperature-stable cutoff condition. 

Test Circuit 

The Forward-Biased Continuous Safe Operating Area can be verified by using the temperature-stable 
common-base circuit illustrated in Figure 2. The Transistor Under Test (TUT) dissipates Py^lc VcE f° r 
Vce » 1 V. 

Test Points 


11 


The number of test points is arbitrary. The Safe Operating Area in Figure 1 requires three (3) test points: Ic2 at 
VCE2# *C3 at VcE3 and *C4 at VcE4« Test points should be selected using the principle that only the verified 
Pj n is assured for Vce' s smaller than the test point voltage VcEn- 
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Test Procedure 


Test Point Example: \ q = \ q 2 

VCE = VCE2 

T C = 55 0 CforTj max < 125 0 C 
T C = 1 00° C for Tj ma x > 125°C 
Test Duration: 1 minute 


Determine: 


R C = 


VCE2 

'C2 


RE > 


5 V 
<C2 


Test Sequence: 

1. Start with Vcc anc * at low voltage. 

2. Increase Vqc to approximately VcE2- 

3. Increase Vee to obtain Ic2- 

4. Increase X/qq to two times VcE2- 

5. Adjust Vee to obtain VqE 2 ar| d *C2- 

6. Operate transistor at specified case temperature for one (1) minute. The transistor is not acceptable if lc varies 
more than 0.1 • Iq 2 during the one (1) minute test. 

7. Decrease Vcc to VcE2- 

8. Turn off Vee- 

9. Turn off Vcc- 

Evaluation: 

The device shall be capable of meeting the specification. 
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Temperature Derating for Continuous Operation 

The maximum allowable case temperature for a given Pj can be calculated as follows: 
Pj 

Tc < Tj max — - — (Tj max — 55 C) for Tj max < 125 C 
H"n 

p T 

Tq < Tj max (Tj max ~ 100 0) for Tj max > 125 C 


Tq = Case Temperature 

Tj max = Maximum Operating Junction Temperature 

Pj = Total power dissipation at Vqe ^ VcEn 

Pj n = Total power Dissipation at Test Point VcEn and 
T C = 55° C for Tj max < 125°C or T C = 100°C 
for Tj max > 125°C. 



Vce 
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PULSED FORWARD-BIASED OPERATION 

Presentation 

Figure 3 shows three pulse width areas for t p i > t p 2 > t p 3; however additional pulse width areas may be added. 
The presentation in Figure 3 has the advantage of specifying the maximum capability of a transistor type at 
1C max whereas the area in Figure 4 is based on maximum capability at highest allowable VqE- The area in 
Figure 4 is limited by Iq max ancl curves representing constant lc * Vqe product. Therefore, the test point at 
highest Vqe assures all other operating points within a given t p area, but on the other hand, this method derates 
the capability of a transistor at Iq max- 

Test Circuits 

In test circuit Figure 5 the Pulsed Forward-Biased capability of a transistor can be verified. The transistor Qi can 
be replaced by a switch such as a mercury relay. Some test circuits require an emitter resistor for the Transistor 
Under Test (TUT). Such a resistor is not desirable because it complicates specification writing as well as testing 
procedures. 

Test Points 

The number of test points equals the number of pulse width areas. The following table shows the required 
specification for verification at Tq = 25°C: 


FIGURE 

TEST POINT 

ic 

Vce 

X P 

3 

#1 

1C max 

VCE5 

1 P1 


#2 

*C max 

VCE6 

tp2 


#3 

'C max 

VCE7 

*p3 

4 

#1 

•ci 

VCE8 

tpl 


#2 

'C2 

VCE8 

t p2 


#3 

•C3 

VCE8 

*p3 


In addition the duty cycle has to be specified. 
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Test Procedure 

Test Point Example: Tq = 25°C 
•C = *C max 
VCE = VCE5 
V = tpi 

Duty Cycle = dl 

Determine: Vcci = VcE5 + Iq max RS 

The collector current capability of Qf should be approximately: 


•CQI = 2 


( VBB2 + 1-5 V + Ic max \ 
RBB2 h F E min (TUT ) ) 


The current supplied to the base of Qi should be sufficient to drive Qi into saturation for IcQI- 
Transistor Qi may be replaced by a relay. The rise and fall time of the collector current should be small 
compared to the pulse width tp. 


Test Sequence: 

1. With all voltage supplies turned off adjust the pulse generator for t p = t p i and d = dl . 

2. Turn on Vqc to Vcci- 

3. Increase VbbI until i c reaches Iq max by applying single pulses. 

4. Check that the following conditions are met: 

t r « t p 
tf«t p 
T C = 25°C 

5. The transistor is not acceptable if i c varies more than 0.1 • Ic max during t p i . The duration of test is only that 
time adequate to make the reading. 

6. Adjust VbbI to zero and turn off Vcc- 

For subsequent transistors to be tested, only steps 2, 3, 5 and 6 have to be repeated. 


Evaluation: 


The device shall still be capable of meeting the specification. 
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APPLICATION INFORMATION 

SAFE OPERATING AREAS FOR POWER TRANSISTORS 


SWITCHING BETWEEN SATURATION AND CUTOFF 
Resistive Load 


11 


Presentation 

Figure 6 shows the area within which the load line has to be located for safe operation with a resistive load. 
Test Circuit 


Verification of the Safe Operating Area is performed by switching the transistor on and off with a single 
non-repetitive pulse in circuit Figure 7. 

Test Points 


Only one test point has to be verified. This is accomplished by switching from VcE max to saturation at lc max 
and back again to VcE max- 


Test Procedure 


Test Point Example: Tq = 25°C 
•C = *C max 
VCE = VcE max 

Rbbi = Rbbkd 
RBB2 = RBB2(1) 
VBB1 = Vbb1(1) 
VBB2 = VbB2(1) 

Determine: 

_ ^CE max 
max 


VCC = VcE max 

The collector current capability of Q-| should be approximately: 

VBB1 - ' 


•CQ1 = 2 


/ VBB2+1-5V + VBB1 -1 5V \ 

y Rbb2 Rbbi / 


The current supplied to be base of Qi should be sufficient to drive Q-j into saturation for IcQI- 
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Test Sequence 

1. Adjust VbbI/ Vbb 2* and V CC- 

2. Apply single pulses with increasing pulse width until *C = *C max using the specified duty cycle. 

3. The transistor is not acceptable if the cutoff state after the pulse cannot be maintained. The duration of the 
test is only that time adequate to make the reading. 

4. Turn off all supplies. 

Evaluation: 

The device shall still be capable of meeting the specification. 



SCOPE SCOPE 

v in v ce 
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APPLICATION INFORMATION 

SAFE OPERATING AREAS FOR POWER TRANSISTORS 


Clamped Inductive Load 

Presentation 

Figure 8 shows the area within which the load line has to be located for safe operation with a clamped inductive 
load. 

Test Circuit 

The test circuit in Figure 9 is similar to the one shown in Figure 7 except for the load in the collector circuit. 
RLOAD represents the total resistive part of the load. 

Test Points 

By switching through the worst allowable load line during turn off, the Safe Operating Area of Figure 8 can be 
verified. 



Test Precedure: 

Test Point Example: Tc = 25°C 
IC = ! C max 
Vce = VCE9 
R L =R|_1 

L=Li 

RBB1 = r BB1(1) 

RBB2 = r BB2(1) 

VbbI = Vbb1(1) 

Vbb2 = V BB2(1) 

CR = 1NXXXX 

Vcc = VcE9 

The collector current capability of Q-| should be approximately: 


'CQI = 2 


' V BB2(1) + 1-5 V 
L r BB2(1) 


VbB1(1) - 1- 
r BB1(1) 


1.5 v\ 

» / 


The current supplied to the base of Q-| should be sufficient to drive Qi into saturation for IcQI- 
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Test Sequence 

1. Adjust VbbI t0 make v in = VbbI (1), v BB2 to VbB2(1)* ar >d VqC to VcE9- 

2. Apply single pulses with increasing pulse width until i c = *C max with duty cycle as specified. 

3. The transistor is not acceptable if the cutoff state after the pulse cannot be maintained. The duration of the 
test is only that time adequate to make the reading. 

4. Turn off all supplies. 

Evaluation: 


The device shall still be capable of meeting the specification. 


>c 

IC(max) I 


IC vs Vqe 
T C = 25° C 

SINGLE NONREPETETIVE PULSE 


FIGURE 8 


V CE9 


VCE 


SCOPE 


SCOPE 



SCOPE 
V CC + 'c R s 
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APPLICATION INFORMATION 

SAFE OPERATING AREAS FOR POWER TRANSISTORS 


Undamped Inductive Load 

Presentation 

Figure 10 shows three different areas depending on Vbb 2 and R BB2- The number of areas is arbitrary. The areas 
are limited by lc max/ curves representing constant energy, lc 2 L/2, and a reasonable amount of maximum 
inductance Li associated with circuits for which the transistor type is intended for. 

Test Circuit 


Verification of the Safe Operating Area is performed by switching the transistor from cutoff to saturation to 
cutoff with a single non-repetitive pulse in the circuit of Figure 11. 

Test Points 


Testing transistors with Iq4, Iqs, and I C6 and Li assures the respective safe operating areas because the 
capability of absorbing inductive energy increases with increasing collector current. This method derates the 
capability of a transistor at \q max but decreases the amount of testing at higher currents otherwise necessary to 
verify a curve which attempts to follow the actual capability of the device. 


The energy absorbed by the transistor is given by: 

3* L • lc 2 • V(BR)CEX 

Et = E, + Eq - Er = 

h 6 V ( br)CEX - 6 Vcc + 4 R L l C 

where: E\_ = Inductive Energy Stored in L. E[_ = lc 2 L/2 

Eg = Energy from Power Supply During "Turnoff" Transient 

Er - Energy Absorbed by Resistive Component of the Load During "Turnoff" 
Transient 

Ej = Energy Absorbed by Transistor During "Turnoff" Transient. 

V(BR)CEX = Breakdown Voltage of Transistor Under Test (V(BR)CEO/ V(BR)CER or 
V (BR)CEX ~ Depending on VbB 2 and R BB2)- 


Transistors with V(BR)CEX » V CC absorb a lower energy Ej during the test than transistors with 
V(BR)CEX ^ VcC- the Ej capability of a transistor has to be predicted without knowing V(br)CEX/ the 
following Ej can be absorbed at Tc = 25° C for a single non-repetitive pulse: 


et - —■ l • ic 2 

It is desirable to choose Vqc ^ 15 V. This tends to decrease damage to transistors which are unable to pass the 
specified test point. 
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Test Procedure 

Test Point Example: Tq = 25°C 
•c= 'C4 

VCC = VCC2<15V 

Rl = R|_2< VCC2/2IC4 

l=l 2 

RbBI = R BB1 (2) 

RBB2 = RBB2(2) 

VbBI = VbB1(2) 

VbB2 = VbB2(2) 

Determine: 

The approximate required pulse-width to reach I C4 * s given by: 


l 2 , 

tp4 = — =■ 'C 
VCC 


The collector current capability of Q-| should be approximately: 

•CQ1 = 2 


( 


VBB2(2 ) + 1-5V V B b1(2) - 


1.5 V \ 

~ ) 


RBB2(2) RbB1(2) 

The current supplied to the base of Q-j should be sufficient to drive Qi into saturation for IcQI ■ 


Test Sequence 

1. Adjust VbBI to make vj n = Vbb1(2), v BB 2 t0 V BB2(2)/ and V CC to VcC2- 

2. Apply single pulses with tp « tp4. Increase pulse width until i c = Iq 4. (Duty cycle should be such that 
Tj(AVG)~25°C.) 

3. The transistor is not acceptable if the collector-emitter voltage collapses or oscillates during the collector 
current fall time tf. The transistor must be capable to maintain V(br)CEX during tf within ±10% of 
V(br)CEX* The duration of the test is only that time adequate to make the reading. 

4. Turn off all supplies. 


Evaluation: 

The device shall still be capable of meeting the specification. 
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>C vs L 



FIGURE 10 



SCOPE 

v in 


SCOPE 

v ce 



OR EQUIV. 


FIGURE 11 
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Temperature Derating for Pulsed Forward-Biased Operation and Switching 

A safe maximum case temperature (Tc> 25°C) for a given Iq and average total power dissipation Pt(AVG) due 
to repetitive pulses can be calculated as follows: 

ic 

Tc ^ Tj max ; (Tj max — 25 C) — RflJC Pt(AVG) 

•Cn 

Tq = Case temperature 

Tj max = Maximum operating junction temperature. 

Iq = Collector current during saturation 
ICn = Maximum allowed collector current at Tc = 25°C 
R^jC = Thermal resistance junction to case 
PT(AVG) = Average total power dissipation 
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Heat Flow 


C. THERMAL CONSIDERATIONS 


To understand the flow of heat through a solid, it is helpful to use an electrical analogy. 


ELECTRICAL TERM 

THERMAL TERM 

V- Voltage differential [V] 

T— Temperature differential [°C] 

1— Current [A] 

P— Power [W] , 

R— Resistance [£2] 

R# -Thermal resistance [°C/W] 


Figure 1 illustrates the thermal circuit as it applies to a semiconductor device dissipating a continuous power into an 
air-cooled heat sink. 


T JA = Tj-T A 



Tj— Junction Temperature 

R0JC - Junction-to-Case Thermal Resistance 

Tc— Case Temperature 

R0CHS-Case-to-Heat Sink Thermal Resistance 
THS — H eat Sink Temperature 
R 0HSA — Heat Sink-to-Free-Air Thermal Resistance 
T a — F ree-Air (Ambient) Temperature 


FIGURE 1 


The corresponding thermal circuit for a device dissipating continuous power in free air is shown in Figure 2. 


Tja =t J ~ t A 



tj 

R 0JC 

T C 

R 0CA 

t a 


FIGURE 2 

The most frequent thermal requirement which must be met is Tj < Tj( max ). For a given power dissipation this means 
the sum of all thermal resistances from junction-to-ambient must be: 


R0JA < Tj(max p ) ~ TA 

Junction-to-Case Thermal Resistance— Rfljc 



R 0JC ,s the temperature difference between the power dissipating junction and a point specified on the case divided by 
the power dissipation. Most Tl power device data sheets specify RflJC- The case temperature measurement point is 
shown under "Mechanical Data". Derating should be performed as outlined in SECTION B, Safe Operating Areas for 
Power Transistors, under "Temperature Derating for Continuous Operation". This is necessary because Rfljc increases 
with increasing collector-emitter voltage. Depending on the transistor construction, there is an additional increase or 
decrease of R0JC with increasing collector current. In applying the Safe Operating Area concept, Rfljc variations with 
operating point do not have to be considered. 
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Case-to-Heat-Sink Thermal Resistance-RflcHS- 

RflCHS * s a function of the following conditions: 

Torque applied to the machine screw or stud 
Use of thermal compound and type of compound 
Use of insulator and material of insulator 
Flatness of device and heat sink 
Surface finish 
Heat-sink material 

The effect of mounting torque as well as insulator material is shown in Figure 3 and Figure 4 for plastic transistors. 


PLASTIC 
REPLACEMENT 
FOR TO-66 




GG 


H 


CASE-TO-HEAT-SINK THERMAL RESISTANCE 



oo 0 1 *■ 1 * 1 1 1 1 

g 0 2 4 6 8 10 12 14 


“■ Mounting Torque— in-lbs 


I 

6 


0 

1 

00 

I 

o 


CASE-TO-HEAT-SINK THERMAL RESISTANCE 


vs 

MOUNTING TORQUE 


1.4 
1.2 
1.0 
0.8 
0.6 
0.4 
0.2 
0 
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^ 
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FIGURE 3 


FIGURE 4 
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Following is a table of R0CHS using a mica insulating washer. The heat sink used to determine this value was a smooth, 
flat, copper plate, with the thermocouple mounted 0.05 inch below the mounting surface in an area beneath the device. 
The device was mounted using a 2-mil mica washer to a clean, dry, heat-sink surface, without the use of a thermal 
compound. A torque of ten inch-pounds was applied to the stud or to each of the mounting screws. 


PACKAGE 

R0CHS [°C/W] 

TO-3 

1.5 

TO- 53 

1.6 

TO-59, TO-60, TO-111 

3.8 

TO-61 

1.3 

TO-63 

1.1 


By using a thermal compound, the above thermal resistances can be decreased more than 0.6 °C/W, depending upon the 
type of compound used. 

Case-to-Free-Air Thermal Resistance— R0CA 

r 0CA is more °f a constant than R0CHS because R#CA is not dependent on so many variables. Most Tl power device 
data sheets specify R#ja which is Rfljc + R0CA- 
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QUALITY AND RELIABILITY INFORMATION 
FACILITIES AND EQUIPMENT 

FACILITIES AND EQUIPMENT 

A. LIFE TEST AND BURN-IN FACILITIES 

1. Texas Instruments Incorporated is equipped with extensive facilities to provide life test and burn-in capabilities for 
germanium power transistors, silicon power transistors, and thyristors. 

2. Facilities are available for a wide range of tests including: 

a. Storage life testing up to 300° C. 

b. Voltage-temperature stress testing at both ambient and elevated temperature conditions. 

c. Free-air operating for more than 20,000 silicon power and germanium transistors. 

d. Case temperature operating for 8600 silicon power transistors at dissipation levels up to 200 watts. 

e. Intermittent operating at various cycle times and power levels. 

B. ENVIRONMENTAL FACILITIES 

1. Test capabilities of the Environmental Laboratory are shown in two different ways. First, Military Standard Test 
Capability which lists capability per MIL-STD-202, MIL-STD-750, and MIL-STD-883 for each test category; and 
second, Overall Test Capability which lists capability limits and, where applicable, combined environment capability 
for each test category. 

2. Laboratory capabilities required for performance of tests per MIL-STD-202, MIL-STD-750, and MIL-STD-883 are 
listed in Table I. Those tests which are noted as exceptions are beyond the capability of the Environmental 
Laboratory. 

3. Laboratory capability limits, including limits of combined environments, are shown in Table II for each test 
category. 



Texas Instruments 

INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 


12-1 


QUALITY AND RELIABILITY INFORMATION 
FACILITIES AND EQUIPMENT 


TABLE I— MILITARY STANDARD TEST CAPABILITY 


TEST CATEGORY 


MIL-STD-202 


All Conditions 



MIL-STD-750 


All Conditions 


All Conditions 


MIL-STD-883 


All Conditions 


All Conditions 


Flammability 


Moisture Resistance 


Resistance to Solvents 
(Symbolization) 


Salt Atmosphere 

Salt Spray 


★Seal, Gross Leak 


Solderability 


Soldering Heat 


Temperature Cycling 


Terminal Strength 
(Lead Integrity) 


Thermal Shock (Glass Strain) 


Acceleration, Sustained 
(Centrifuge) 


All Conditions 


All Conditions 


All Conditions 


All Gross Leak Conditions 
(Method 112A, Conditions 
A, B, and Procedure IV of 
Condition C. Method 104A, 
Conditions A, B & C)"*" 

All Conditions 


All Conditions 
EXCEPT: Method 107, Con- 
ditions D & F 


All Conditions 


All Conditions 


All Conditions 


All Conditions 


All Gross Leak Conditions 
(Method 1071, Conditions 
C, D, E & F) + 


All Conditions 


All Conditions 


All Conditions 

EXCEPT: Method 1051, Con- 
ditions D & E 


All Conditions 



All Conditions 


All Conditions 


$Shock (Mechanical) 


All Conditions 
EXCEPT: Method 213, Con- 
ditions B, C, G, J, 


All Conditions 


Vibration, Fatigue 


Vibration, Noise j 


★Vibration, Random 


★Vibration, Variable Frequency 


Seal, Fine Leak 
(Radioactive Tracer Gas) 


All Conditions 


All Conditions 


ONLY Method 112A, Condi- 
tion C, Procedure III.B 


♦X-Ray, Film I All Conditions I All Conditions 


All Conditions 


All Conditions 


All Conditions 


ONLY Method 1071, Condi- 
tion G only 


All Conditions 


All Gross Leak Conditions 
(Method 1014, Conditions C 
& D)t 


All Conditions 


All Conditions 

EXCEPT: Method 1010, Con- 
ditions E & F 


All Conditions 


All Conditions 

EXCEPT: Method 2001, Con- 
dition J 

NOTE: If Method 2001. Con- 

dition G and H, may 
require special fixtur- 
ing. Limited capabil- 
ity for these cond- 
tions is available for 
special package types. 

All Conditions 

NOTE : f Method 2002, Con- 

dition F and G, may 
require special fixtur- 
ing. Capability for 
these conditions is 
available for special 
package types. 


All Conditions 


All Conditions 


All Conditions 


ONLY Method 1014, Condition 
B only 


All Conditions 


j ♦X-Ray, Real Time (TV X-Ray) | All Conditions | All Conditions j All Conditions 

★See Radiographic Inspection Capability for Seal, Fine Leak. 

t Items in parenthesis are the gross leak test conditions performed by Environmental Laboratory. Exception to these particular methods not 
listed. 

$Also perform mechanical shock per M I L-STD-810B, Method 516, Procedures I, III and IV. 

★Also perform random vibration and vibration variable frequency per MIL-STD-810B, Method 514.1, Procedures I, II, III, IV, and VII. Omit 
paragraph 4. 5. 1.1, Resonant Search, and paragraph 4.5. 1.2, Resonant Dwell for Electronic Components. 

f Capability for testing approximately 15 major microelectric package types per MIL-STD-883, Method 2001, Conditions G and H (sustained 
acceleration) and for testing approximately 30 major microelectronic packages per MIL-STD-883, Method 2002, Conditions F and G 
(mechanical shock) are presently available. These high"G" level conditions are used primarily for evaluation tests on small packages such as 
C-DIP, PIP, 4A header, TO-5, TO-18, etc. 

♦Radiographic inspection is performed in accordance with many other goverment and customer specifications. Before any new radiographic 
specification is acceptable for use as a test standard with Components Group, it must be approved by Environmental Laboratory. 
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TABLE II— OVERALL TEST CAPABILITY 


TEST 

Acceleration, Sustained (Centrifuge) 

Altitude (Barometric Pressure, Reduced) 

Cryogenic Exposure 

Dew Point 

Flammability 

Moisture Resistance 


CAPABILITY 

50-50,000 g (Standard) 

50,000-100,000 g (Nonstandard) 

450,000 ft. Simulated Altitude with — 125°C to 125°C Capability 

— 75°C to — 196°C 

-65° C to 150°C 

900° C to 1100°C 

2° C to 96° C, 40% to 1 00% R H 


Radiographic Inspection (X-Ray) 
Film 

Real Time 


Resolution to 0.001 Inch, 150 kV-5 mA 
360° Rotation— Resolution to 0.001 Inch 


Salt Atmosphere/Spray 


25° C to 71°C, Up to 20% Salt Solution by Weight 


Seal 

Gross Leak 

Radioactive Tracer Gas 

Symbolization (Resistance to Solvents) 
Shock (Mechanical) 


Solderability /Soldering 
Temperature Cycling 


>5 X 10~ 6 , 150°C, Fluorocarbons, Mineral Oils, Ethylene Glycol 
Hydrostatic Pressure— 0-300 psig 

> 1 X IQ" 11 


PULSE SHAPE-APPROXIMATELY 
HALF-SINE 

1 ,500-30,000 g @ 0.2 ms ± 0.1 ms 
1,000-6,000 g @ 0.3 ms ± 0.1 ms 
500-10,000 g @ 0.5 ms ± 0.15 ms 
500-4,000 g @ 1 ms ± 0.3 ms 
500 & 1 ,000 g @ 1 .5 ms ± 0.45 ms 
1 ,800 g @ 3 ms ± 0.6 ms 
50-100 g @ 6 ms ± 0.9 ms 
50-200 g @ 7 ms + 1 .05 ms 
15-1 50 g @ 1 1 ms ±1 .65 ms 

PULSE SHAPE-SAWTOOTH 

100 g @ 6 ms 

Up to 280° C 
— 1 85° C to 300° C 


Terminal Strength (Lead Integrity) 


Lead Fatigue, Tension, Stud Torque, Terminal Torque 


Thermal Shock 


— 196°C to 200° C 


Ultrasonics 
Ultraviolet Exposure 
Vibration, Fatigue 
Vibration, Random 
Vibration, Variable 


0-100 psiat 25 kHz or 40 kHz 
To 12.5 mW/cm 2 


10-100 Hz, 5-70 g 


20-200 Hz, Power Density 1.3 g 2 /Hz 

5-2,000 Hz as Limited by 1 Inch DA and 60 Inches/Second Veloc- 
ity. 0-70 g (Standard), 70-100 g (Nonstandard) 
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RELIABILITY DATA 

The reliability data in this section covers a cross-section of device types included in this data book. The data is broken 
down into four major sections: 

Germanium Power Transistors 
Silicon Power Transistors 
Thyristors 

Single-Diffused Plastic Power Transistors 


Germanium Power Transistors 


2N1041 


TEST 

DEVICE 

HOURS 

FAILURES 

F. R. X 10- 5 

60% CONF. 

STORAGE: 100°C 

339,000 

2 OcBO) 

0.89 

OPERATING: V C E = 20 V, P = 1.2 W, T C = 55°C 

341,000 

0 

0.26 

PARAMETER 

CONDITIONS 

INITIAL LIMITS 

POST TEST LIMITS 

MIN 

MAX 

MIN 

MAX 

•CBO 

V CB = 50 V 


10 HA 


70 juA 

hpE 

V C E = 0.5 V, l C = 1 A 

20 

60 

20 

60 


2N1046 


TEST 

DEVICE 

HOURS 

FAILURES 

F. R. X 10~ 5 

60% CONF. 

STORAGE: 95° C 

96,000 

0 

0.93 

OPERATING: V CE = 40 V, V BE = 0.2 V, T stg = 55° C 

96,000 

0 

0.93 




PARAMETER 

CONDITIONS 

INITIAL LIMITS 

POST TEST LIMITS | 


MAX 

MIN 

MAX 

*CBO 

V CB = 40 V 


1 mA 


2 mA 

hpE 

VcE = 1 V, l C =0.5 A 

40 

200 

32 



Silicon Power Transistors 


2N1049A, 2N1050A 


TEST 

DEVICE 

HOURS 

FAILURES 

F. R. X 10- 5 

60% CONF. 

STORAGE: 200° C 

689,080 

1 (h FE ) 

0.29 

OPERATING: V CE = 40 V, P C = 23 W, T C = 100° C 

730,080 

4 UCBO) 

0.69 




PARAMETER 

CONDITIONS 

INITIAL LIMITS 

POST TEST LIMITS | 

MIN 

MAX 

MIN 

MAX 

•CBO 

V C B = 30 V 


1 5 juA 


30 mA 

hpE 

Vqe = 10 V, l c = 500 mA 

30 

90 

24 

108 


1 


I 
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2N2151 


TEST 

DEVICE 

HOURS 

FAILURES 

F. R. X 10~ 5 

60% CONF. 

STORAGE: 200° C 

468,000 

0 

0.19 

OPERATING: V CE = 40 V, P T = 30 W, T C = 100°C 

159,000 

1 (»CES> 

1.21 

PARAMETER 

CONDITIONS 

INITIAL LIMITS 

POST TEST LIMITS 

MIN 

MAX 

MIN 

MAX 

>CES 

V CE = 120 V 


5 juA 


IOjuA 

v (BR)CEO 

1C = 50 mA 

100 V 


100 V 


hpE 

V C E ~ 5 V, l C = 1 A 

40 

120 

36 

144 


2N2880 


TEST 

DEVICE 

HOURS 

FAILURES 

F. R. X 10- 5 

60% CONF. 

STORAGE: 200° C 

262,000 

3 

(2 h EE ) 

(1 ICBO) 

1.52 

OPERATING: V CE = 20 V, P T = 30 W, T C = 100°C 

249,000 

2 (*CBO). 

1.20 


2N2880 (BURNED-IN FOR 168 HOURS) 


TEST 

DEVICE 

HOURS 

FAILURES 

F. R. X 10~ 5 

60% CONF. 

STORAGE: 200° C 

944,000 

3 0cBO> 

0.43 

OPERATING: V CE = 20 V, P T = 30 W, T C = 100°C 

679,000 

2 

(1 ICBO> 

(i 'ebo) 

0.44 

PARAMETER 

CONDITIONS 

INITIAL LIMITS 

POST TEST LIMITS 

MIN 

MAX 

MIN 

MAX 

•CBO 

V C B = 80 V 


0.4 juA 


0.8 mA 

•ebo 

V EB = 6 V 


0.4 juA 


0.8 //A 

hpE 

V C E = 5V, l C =1 A 

40 

120 

36 

144 


2N1724 


TEST 

DEVICE 

HOURS 

FAILURES 

F. R. X 10- 5 

60% CONF. 

STORAGE: 200° C 

906,508 


0.22 

OPERATING: V CE = 40 V, P C = 50 W, T C = 100°C 


i (Ices) 

0.23 

PARAMETER 

CONDITIONS 

INITIAL LIMITS 

POST TEST LIMITS 

MIN 

max 

MIN 

MAX 

>CES 

VcE = 60 V 


300 juA 


600 juA 

'EBO 

V EB =5V 


400 juA 


500 juA 

v (BR)CEO 

IC= 200 mA 

80 V 


80 V 


h FE 

V C E= 15 V, l c =2 A 

30 

90 

27 

108 
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2N1722 


TEST 

DEVICE 

HOURS 

FAILURES 

F. R. X 10-5 

60% CONF. 

STORAGE: 200°C 

285,000 

3 

(2 lEBO> 

(i ices) 

1.40 

OPERATING: V CE = 10 V, P c = 50 W, T c = 100 °C 

285,000 

2 

<1 lEBO> 

(i Ices) 

1.05 

PARAMETER 

CONDITIONS 

INITIAL LIMITS 

POST TEST LIMITS 

MIN 

MAX 

MIN 

MAX 

•CES 

Vqe = 60 V 


300 JUA 


600 mA 

•EBO 

V EB -5V 


400 juA 


500 mA 

v (BR)CEO 

1 q = 200 mA 

80 V 


80 V 


h F E 

V CE = 15 V, l C = 2 A 

30 

90 

27 

108 


2N3420 AND 2N3421 



TEST 

DEVICE 

HOURS 

FAILURES 

F. R. X 10- 5 

60% CONF. 

STORAGE: 200° C 



0.38 

OPERATING: 

2N3420 V CB = 40 V, P T = 1 W 

2N3421 V CB = 60 V, P T = 1 W 

1 ,038,540 

7 < J CEX) 

0.79 


2N3420 AND 2N3421 (BURNED-IN FOR 168 HOURS) 


TEST 

DEVICE 

HOURS 

FAILURES 

F. R. X 10-5 

60% CONF. 

STORAGE: 200° C 

1 ,360,860 

3 

(1 0/S)+ 

(2 ICEX) 

0.30 


2N3420 V CB = 40 V, P T = 1 W 

1 ,360,860 

2 0CEX> 

0.22 

2N3421 V C B = 60 V, P T = 1 W 




PARAMETER 

CONDITIONS 

INITIAL LIMITS 

POST TEST LIMITS 

MIN 

MAX 

MIN 

MAX 

*CEX 

2N3420 

V CE = 80 V 


0.5 mA 


1 mA 

2N3421 

V CE = 120 V 


0.5 mA 


1 JUA 

v (BR)CEO 

2N3420 

•c = 50 mA 

60 V 


60 V 


2N3421 

80 V 


80 V 


h F E 

2N3420 

V C E = 2 V, l C = 1 A 

20 

60 

16 

72 

2N3421 

40 

120 

32 

144 



1'0/S designates open or shorted. 
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2N3998 AND 2N3999 


TEST 

DEVICE 

HOURS 

FAILURES 

F. R. X 10- 5 

60% CONF. 

STORAGE: 200° C 

162,000 

0 

0.54 

OPERATING: V C E = 20 V, P T = 30 W, Tq = 100°C 

162,000 

1 ('CES) 

1.20 


2N3998 AND 2N3999 (BURNED-IN FOR 168 HOURS) 


TEST 

DEVICE 

HOURS 

FAILURES 

F. R. X 10- 5 

60% CONF. 

STORAGE: 200° C 

710,000 

3 Oces) 

0.56 

OPERATING: V CE = 20 V, P T = 30 W, T C = 100°C 

497,000 

1 (0/S)+ 

0.40 

PARAMETER 

CONDITIONS 

INITIAL LIMITS 

POST TEST LIMITS 

MIN 

MAX 

MIN 

MAX 

'CES 

V C E = 100 V 


5 juA 


10 juA 

v (BR)CEO 

|q = 50 mA 

80 V 


80 V 


hFE 

2N3998 

V C E = 2V, l C =1 A 

40 

120 

36 

144 

2N3999 

80 

240 

72 

288 


2N1714, 2N1715, 2N1716, AND 2N1717 


TEST 

DEVICE 

HOURS 

FAILURES 

F. R. X 10- 5 

60% CONF. 

STORAGE: 200° C 

662,000 

1 (h FE ) 

0.29 

OPERATING: V C b = 40 V, P C = 0.8 W 

676,000 


0.75 

PARAMETER 

CONDITIONS 

INITIAL LIMITS 

POST TEST LIMITS 

MIN 

MAX 

MIN 

MAX 

*CES 

V CE = 60 V 


2/uA 


4 juA 

v (BR)CEO 

2N1714, 6 

|q = 30 mA 

60 V 


60 V 


2N1715, 7 

100 V 


100 V 


h FE 

2N1714, 5 

V C E = 5 V, l C = 200 mA 

20 

60 

16 

72 

2N1716, 7 

40 

120 

32 

144 


2N3996 AND 2N3997 


TEST 

DEVICE 

HOURS 


F. R. X 10- 5 

60% CONF. 

STORAGE: 200°C 

110,000 

0 

0.80 

OPERATING: V C E = 20 V, P T = 30 W, T C = 100°C 

110,000 

0 

0.80 

PARAMETER 

CONDITIONS 

INITIAL LIMITS 

POST TEST LIMITS 

MIN 

MAX 

MIN 

MAX 

•CES 

V C E = 90 V 


5 fj, A 


10 mA 

v (BR)CEO 

lC = 50 mA 

80 V 


80 V 


h F E 

2N3996 

V C E = 2 V, l C = 1 A 

40 

120 

36 

144 

2N3997 

80 

240 

72 

288 



T O/S designates open or shorted. 
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QUALITY AND RELIABILITY INFORMATION 
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2N389 AND 2N424 


TEST 

DEVICE 

HOURS 

FAILURES 

F. R. X 10- 5 

60% CONF. 

STORAGE: 200° C 

708,000 

2 (V(BR)CER) 

0.42 

OPERATING: P = 48 W, T C = 100°C 

353,000 

6 (V( BR ) CER ) 

2.0 



PARAMETER 

CONDITIONS 

INITIAL LIMITS 

POST TEST LIMITS 

MIN 

MAX 

MIN 

MAX 

V (BR)CER 

2N389 

1 q = 20 mA, RbE = 33 57 

60 V 


60 V 


2N424 

80 V 


80 V 


LilES , 

l C = 1 A, V CE = 15 V 

15 

60 

12 

75 


2N497, 2N498, 2N656, AND 2N657 


TEST 

DEVICE 

HOURS 

FAILURES 

F. R. X 10~ 5 

60% CONF. 

STORAGE: 200° C 

904,250 

2 

(1 ICBO) 

(1 V( BR ) CE0 ) 

0.33 

OPERATING: P = 0.8 W, T A = 25°C 

904,250 


0.90 




PARAMETER 

CONDITIONS 


| POST TEST LIMITS 

MIN 

MAX 

MIN 

MAX 

>CBO 

2N497, 2N656 

V CB = 50 V 


1 mA 


10 /iA 

2N498, 2N657 

V CB = 80 V 


1 mA 


10 /uA 

WM 

2N497, 2N656 

V CE = 10 V, l C = 200 mA 

12 

36 

9.6 

45 

2N498, 2N657 

30 

90 

24 

117 

v (BR)CEO 

2N497, 2N656 

l C = 30 mA 

60 V 


60 V 


2N498, 2N657 

100 V 


100 V 



Thyristors 


2N3557 


TEST 

DEVICE 

HOURS 

FAILURES 

F. R. X 10“ 5 

60% CONF. 

DYNAMIC OPERATION: V RRM = 100 V, It(AV) “ 1 A , 

T a = 25° C, f = 60 Hz 

944,000 

10 

1.2 

PARAMETER 

CONDITIONS 

INITIAL LIMITS 

POST TEST LIMITS 

MIN 

MAX 

MIN 

MAX 

•d 

Vd = 100 V, Rqk = 1 


30 nA 


30 nA 

•r 

V R = 100 V, l G = 0 


0.1 juA 


0.1 mA 

! gt 

V AA = 5 V, R U = 1257 


200 m A 


200 mA 

«H 

Rqk = 1 kft, Rl = 12 57 


5 mA 


5 mA 
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2N3002 

DEVICE 

HOURS 


STORAGE: 150°C 

OPERATING: l T = 200 mA, V D = 30 V, T A = 25° C 


F. R. X 10-5 
60% CON F. 
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QUALITY AND RELIABILITY INFORMATION 
PRODUCT RELIABILITY DATA 


Single- Diffused Plastic Power Transistors 

TIP29-TIP32, TIP41, TIP42 


BACKGROUND 

Texas Instruments continuing Plastic Single-Diffused 
Reliability Program, an evaluation program for plastic 
power devices, has resulted in lowering device failure rates. 
All devices utilized in the reliability program are standard 
product “off-the-shelf’ devices which have received no 
special screening or electrical tests. Since starting the 
reliability program we have generated over 500,000 actual 
life-test hours. Over 15,000 devices have undergone testing 
in the reliability program. Failures are based on leakage 
greater than twice the data sheet limit, hpE outside data 
sheet limits by 20%, or VcE(sat) above data sheet limits. 
For the test environments listed below, MIL-STD-750 was 
used as the applicable test specification. 

1 . Mechanical Shock, Method 2016. 

2. Vibration, Variable-Frequency, Method 2056. 

3. Constant Acceleration, Method 2006. 

4. Thermal Shock, Method 1056, Condition B. 

5. Temperature Cycling, Method 1051. 

6. Moisture Resistance (non-operating), Method 
1021 . 

7. Humidity with Bias, Ta = S5°C, RH = 85% 
VCES = 45 V. 

8. Humidity Ta = 65°C, RH = 100%. 

9. Pressure Cooker, Ta = 121°C, 15 psi. 

10. Solderability, Method 2026. 

11. Salt Atmosphere, Method 1041. 

12. Terminal Strength, Method 2036, Condition A. 

13. Storage Life, Method 1032, Ta = 150°C. 

14. Operating Life, Method 1026, Ta = 25°C, P = 2 
watts. 

15. Intermittent Operating, Method 1037, 
ATc = 60°C, P= 1.8 watts, 5 minutes on, 5 
minutes off. 


A resistor is in series with the emitter, dropping at least 10% 
of the collector-base voltage to set the emitter current. For 
intermittent operating tests, the same circuit is used with 
the power being interrupted at specific time intervals. 


Table 1-1 

Summary of Life Testing for NPN Devices 


Test 

Description 

Number 

of 

Devices 

Device 

Hours 

Number 

of 

Failures 

Failure Rate X10 5 

Point Est. 

60% Conf. 

150°C Storage 

50 

100,000 

0 

0 

0.9 

25° C Operating 

140 

212,500 

2 

0.9 

1.4 


Table 1-2 

Summary of Life Testing for PNP Devices 


Test 

Description 

Number 

of 

Devices 

Device 

Hours 

Number 

of 

Failures 

Failure Rate X10 5 

Point Est. 

60% Conf. 

150°C Storage 

49 

73,500 

3 

4.1 

5.6 

25° C Operating 

50 

62,500 

3 

4.8 

6.5 


Table 1-3 

Summary of Intermittent Life Testing 
For NPN Devices 


Test 

Description 

— 

Number 

of 

Devices 

Device 

Cycles 

Number 

of 

Failures 

Failure Rate X10 ® 

Point Est. 

60% Conf. 

A60°Clnterm. 

Operating 

88 

880,000 

0 

0 

0.1 


LIFE TEST EVALUATIONS 


ENVIRONMENTAL TESTING 


Test devices employed in this evaluation were 
subjected to operational, intermittent operational, and 
storage life test conditions that were selected to 
demonstrate device capability in excess of normal operating 
requirements. The operating life test circuits used for 
testing power devices are in the parallel, common-base 
configuration. Voltage is applied collector to base. 


Environmental evaluations are performed on power 
devices in order to establish capability for the mechanical 
and thermal stresses considered to be standard in the 
electronics industry. Sequential or step-stress testing is 
likewise employed to demonstrate package reliability in 
excess of standard product requirements. A brief 
description of test procedures follows: 
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1. Mechanical Shock - Performed from 1500 g to 
6000 g in three orientations for 0.2 ms to 
0.5 ms duration: 5 blows/plane, 15 blows total 
(non-operating). 

2. Vibration, Variable Frequency — Performed 
from 20 g to 60 g in three orientations at 
100 Hz to 2000 Hz (non-operating); 
4 sweeps/plane, 4 minutes/sweep. 

3. Constant Acceleration — Performed from 
1 0,000 g to 40,000 g in six orientations; 1 
minute/plane. 

4. Thermal Shock— Performed from 0°C to 100°C 
for 50 cycles. Extreme times are 5 minutes with 
a maximum transfer time of 10 seconds. Liquid 
to liquid. 

5. Temperature Cycle - Performed from 
— 65°C to 150°C for 100 cycles. Extreme times 
are 30 minutes with a maximum transfer time 
of 5 minutes. 


6. Temperature Cycle — Performed from 
— 55°C to 125°C for 15 cycles. Extreme times 
are 10 minutes with a maximum transfer time 
of 5 minutes. 

Thermal Shock — Performed in freezer at 
— 30°C and boiling water. Extreme times 
are 10 minutes with immediate transfer. 


Power Surge — Performed by storing at 
— 45°C for 20 minutes and then applying 
maximum rated power for 1 minute. 
Total of 15 cycles. 


7. 


8. 



Humidity - Performed by placing devices 
in humidity chamber at 40 6 C with 95% 
relative humidity for 96 hours. 

Moisture Resistance - Performed in a 
non-operating state with the preconditioning 
omitted. Temperature cycling chamber 
conditions: 

25 °C for 5 hours. 

65 °C for 5 1/2 hours. 

Chamber maintained at 90 to 98% rela- 
tive humidity, — 10°C chill excursion on 
all test cycles. 

Humidity with Bias - Performed by placing 
devices in humidity chamber at 85 °C with 85% 
relative humidity for 200 hours. A VcES °f 
45 V is applied to each device. 


9. Humidity - Performed by placing devices in 
humidity chamber at 65 °C with 100% relative 
humidity for 200 hours. 

10. Pressure Cooker — Performed by placing de- 
vices in sealed chamber with 100% relative 
humidity at 121°C. Air pressure applied at 15 
psi over atmosphere. Test repeated in 8 -hour 
increments. 

1 1 . Solderability - Performed by dipping leads into 
type-W flux at 25°C to within 0.05 inches of 
case for a period of 5 to 10 seconds. Leads then 
dipped in molten solder at 230°C ± 15°C to 
within 0.05 inches of case at rate of 
1 ± 1/4 inches per second for a period of 
5 ± 1/2 seconds. 

12. Salt Atmosphere - Performed by exposing 
devices to 35°C fog environment. Test dura- 
tion: 72 hours (initial conditioning omitted). 
DC electrical test and visual examination end- 
points. 

13. Terminal Strength - Performed by attaching a 
5 -ounce weight to each external lead at a 
distance of 1/16 inch from case. A force is 
applied once in each of the 2 mutually perpen- 
dicular directions (90° + 10° -0°). Test dura- 
tion: 3 bending cycles. 


SUMMARY 

The Plastic Single-Diffused Reliability Program was 
designed to establish reliability data for encapsulated 
devices for commercial and consumer applications. The 
results of the tests show that these devices can also be used 
in military applications. 

To obtain this objective over 15,000 transistors have 
undergone, tests. Over 500,000 life-test hours have been 
accumulated. Detailed results have been listed in this report 
with summaries of the test procedures and conditions. If 
further information is required, please contact your nearest 
TI sales office or address inquiries to Texas Instruments 
Incorporated, Quality Reliability Assurance, Power Dept., 
Mail Station 2, P.O. Box 5012, Dallas, Texas 75222. 
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Table 2-1 

Summary of Mechanical-Stability Testing for Both 
PNP and NPN Devices 


Test 


— 

Number of 


No. 

Test Description 

Devices 

Failures 

(1) 

Mechanical Shock 




1500 g, 0.5 ms 

24 

0 


3000 g, 0.5 ms 

24 

0 


6000 g, 0.3 ms 

24 

0 

(2) 

Vibration, Var. Freq. 




20 g 

25 

0 


30 g 

25 

0 


40 g 

25 

0 


50 g 

25 

0 


60 g 

25 

0 

(3) 

Constant Acceleration 




10,000 g 

24 

0 


1 5,000 g 

24 

0 


20,000 g 

24 

0 


30,000 g 

24 

0 


40,000 g 

24 

0 


NOTE: Stressing in each category is sequential. For example, 
the devices stressed on shock at 6000 g were pre- 
stressed on shock at 3000 g. 


Table 3-1 

Summary of Thermal-Stability Testing 
for Both PNP and NPN Devices 


Test 


Number of 


No. 

Test Description 

Devices 

Failures 

(4) 

Thermal Shock (0°C to +100°C) 




10 cycles 

25 

0 


20 cycles 

25 

0 


30 cycles 

25 

0 


40 cycles 

25 

0 


50 cycles 

25 

0 

(5) 

Temp Cycle (— 65° C to +150°C) 




50 cycles 

75 

0 


1 00 cycles 

75 

0 

(6) 

Environmental Test Sequence 




Temperature Cycle 

15 

0 


Thermal Shock 

15 

0 


Power Surge 

15 

0 


Humidity 

15 

0 


Table 4-1 

Summary of Humidity Testing for Both 
PNP and NPN Devices 


Table 5-1 

Summary of Solderability, Salt-Atmosphere, and 
Terminal-Strength Testing for Both 
PNP and NPN Devices 


Test 


Number of 


No. 

Test Description 

Devices 

Failures 

(7) 

Moisture Resistance 




10 cycles 

25 

0 


20 cycles 

25 

0 


30 cycles 

25 

1* 

(8) 

Humidity with Bias 

50 

0 

(9) 

Humidity 

50 

0 

(10) 

Pressure Cooker 




8 hours 

25 

0 


16 hours 

25 

0 


24 hours 

25 

0 


32 hours 

25 

0 


Test 

No. 

Test 

Description 

Number 

of 

Devices 

Number of Failures 

- 

Electrical 

Visual 

Mechanical 

(11) 

Solderability 

50 

0 

0 

N/A 

(12) 

Salt Atmosphere 

50* 

0 

0 

0 

(13) 

Terminal Strength 

36 

0 

N/A 

0 


*For salt atmosphere, a visual failure is for marking and a mechanical 
failure is for corrosion. 


*ICES failure, read 423 juA, limit is 400 ju A. 
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Advanced new design for greater reliability : 




SOLDER-CLAD, COPPER LEADS FACILITATE 
SOLDERABILITY, 


PLASTIC CAP AND EPOXY FILL ARE FEATURES 
OF THE NEW DESIGN WHICH RESULT IN AN 
UNSTRESSED INTERNAL CONSTRUCTION WITH 
ALL LEADS LOCKED SOLIDLY INTO THE PACKAGE. 


PINNED AND SOLDERED COLLECTOR LEAD 
ELIMINATES INTERMITTENT COLLECTOR 
LEAD PROBLEMS. 


GLASS-PASSIVATED CHIP IMPROVES MOISTURE 
RESISTANCE, PROVIDES LOWER LEAKAGE AND 
BETTER STABILITY. 


ALL-SOLDERED CONTACTS INCREASE LEAD 
CONNECTION RELIABILITY BY IMPROVING 
RESISTANCE TO THERMAL SHOCK AND 
VIBRATION. 

NICKEL-PLATED, COPPER HEAT SINK IMPROVES 


THERMAL SINKING CAPACITY. 
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